
:7

:17

si

HD_N ENGI_EERiNG DESIGN CRITERIA STD_DY

FINAL P_P ORT

NASA CONTP_ACT NAS8-11256

31 Janua__y 1966

Prepared by:

S. Truax, Ph.D.

Principal Investigator

W. R. Harmer, Ph.D.

Co-Principal Investigator

Co-Authors :

T. J. Wong, M.A.

D. L. v__n Kekerix, M.A.

L. R. b_eda, M.A.

_. H Houghton _D.

Chief Engineer

Advance Biotecb_no!ogy Department

App rov__b_ : ...... -,

E. W. Piokrei, _h.D. t

FToj ect Director



MSFC-STD-267A
January 31, 1966

The document is a humanengineering design criteria study which
includes design criteria for the following areas: control, display,
control-diplay interaction, humancapabilities, humanresponses,
anthropometry, work space, illumination, vibration, noise, tempera-
ture, clothing, safety and maintainability. Checklists, rating
scales and references _-e provided. _e document is designed to be
used by design engineers and by humanfactors engineering personnel
to assist them in their design of earth launch systems.
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This standard is intended for use by design engineers engaged

in the development of all aspects of earth launch systems. The

standard is also intended for human factors engineering personnel

and provides specialized information to assist them in their design

support activities. This information, acquired in a systematic

literature search, deals with the adequacy of current human factors

engineering rules and practices and identifies areas of weakness and

strength.

The basic intent of the standard is to optimize the use of man

as a component in launch vehicle systems by controlling the design

of any piece of equipment which interfaces with him. It can also be

used as a source in the development of human factors engineering

checklists to validate optimal man/machine compatibility. As such,

it is available for use as a basic document in any human factors

engineering program which might be performed; eg, in compliance with

MSFC-STD-391, "Standard Human Factors Engineering Program Plan."

This revision of the standard contains two unique features to

increase its usefulness. They are source references and adequacy

ratings. Source references are provided so that the design engineer

m_ refer to the primary source if he so desires. Sources are indi-

cated in parenthesis by primary author's name and a reference number.

Names were included as an aid in associating authors with literature

areas and as a means of insuring the use of the correct reference.

References applicable to each section are found at the end of that
section.

Adequacy ratings are provided for most of the specific design

criteria statements. Not all criteria statements are of equal impor-

tance. The adequacy scale provides an evaluation of the design

criteria statements. The categories and ratings of the adequacy
scales are as follows:

(a) Category S (supported). - These criteria are supported

by empirical studies. They provide the most concrete

basis for human factors recommendations.

(b) Category C (common sense). - These criteria often reflect

long-standing usage and acceptance and seem "right"

logically or instinctively. They emphasize the obvious

and tend to reduce controversy over points which lack

empirical support.
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(c) Category A (arbitrary decision). - These are criteria for

which there is no empirical or logical support. Their

main virtue is that of providing standardization which

in turn saves time in the design process and permits

more efficiency at the operational stage.

(d) Ratings. - The ratings used in the adequacy scale are as

follows:

(i) (Excellent: no deviation)

Excellent research support

or

Unquestionable logic

or

Experience indicates this is necessary

(2) (Good: deviation permitted with strong justification)

Good research support

or

Good logic

or

Experience indicates this is good

(3) (Fair: deviation permitted with justification)

Incomplete or questionable research support
or

Questionable logic

or

Experience indicates some success

(4) (Poor)

Poor research support

or

Poor logic

or

Experience indicates little or no success

Adequacy scale ratings are placed at the end of criteria state-

ments and are preceded by XR-. Category is indicated first and is

followed by the rating; eg, XR-C-2 indicates a good, common sense
criterion.

Overviews are provided for each sub-section. These overviews

can be used both as a detailed index and as a checklist. It is

recommended that the design engineer use the overview as a tool for

identifying those human factor considerations which require design
consideration.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

HUNTSVILLE, ALABAMA

HUMAN ENGINEERING DESIGN CRITERIA,

STANDARD FOR

1.0 SCOPE

I.I Purpose. - The purpose of this standard is to present human

engineering design principles and practices to be used by engineers

in designing equipment for achievement of satisfactory performances

of operator, maintenance, and control personnel, to reduce skill

requirements and training time, to increase reliability of personnel-

equipment combinations, and to provide a basis for design standard-

ization of large earth-launch booster systems.

1.2 Scope. - This standard establishes human engineering design

criteria for use in designing earth launch vehicle systems and asso-

ciated equipment.
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2.0 REFERENCED DOCUMENTS

2.1 Use___.- The issues of the following documents, in effect on

the date of invitation for bids, form a part of this standard to the

extent specified herein.

2.1.1 Specifications.

(a) MIL-T-27474 Training equipment, ground, general

requirements for.

(b) ARDCM 80-6 Handbook of instructions for aerospace

ground equipment design.

(c) AFSCM 80-3 Handbook of instructions for aerospace

personnel subsystem design (HIAPSD).

(d) AF Manual 160-39 The handling and storage of liquid

propellants, i April 1964.

(e) MIL-C-12527A Coverall rocket fuel handlers.

2 November 1956.

(f) AFTO IIC-I-6-3 General safety precautions missile

liquid propellants. 18 October 1961.

(g) AFTO IIC-I-6C (supplement) General safety precau-

tions missile liquid propellants. 31 August 1962.

(h) MIL-G-h244A Gloves, protective, acid resistant,

vinyl coated cotton. Type R-I. 6 May 1954.

2. i. 2 St andards.

(a) MIL-STD-12 Abbreviations for use on drawings and

in technical type publications.

(b) MSFC-STD-391 Standard human factors engineering

program.

(c) FED. STD No. 595 Colors.

(d) MIL-STD-803A-1 Human engineering design criteria

for aerospace systems and equipment. Part 1.

Aerospace system ground equipment. 27 January 1964.

(e) MIL-STD-803A-2 Human engineering design criteria

for aerospace systems and equipment. Part 2.

Aerospace system facilities and facility equipment.

1 December 1964.
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2.1.3 Publications.

(a) ANA bulletin No. 26_ Abbreviations and cn_tractions;

approved list of.

(b) Grave, C., Hitt, J. D., Mabry, J. E. and Mendenhall,

E.L. S-IC human engineering and safety standards.

Contract No. NAS8-5608. 14 June 1963. Prepared by

the Boeing Co.
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3.0 DEFINITIONS

3.1 Application. - For the purpose of this standard, the defini-

tions specified in 3.1.1 through 3.1.87 are applicable.

3.1.1 Abduction. - Act of going away from a particular reference

point. Specifically, in anthropological terms, limb movement away

from the medial line of the body. See 5.5.1.8 for illustration.

3.1.2 Adduction. - Act of going toward a particular reference

point. Specifically, in anthropological terms, limb movement toward

the medial line of the body. See 5.5.1.8 for illustration.

reduces the transmission of sound through the middle ear and acts to

minimize possible cochlear damage from overstimulation by loud sounds.

This reflex is usually elicited by certain tones above approximately

70 db sound pressure level.

3.1.4 Anthropometry. - The science of measuring the human body,

its parts and functional capacities.

3.1.5 Anthropometric tables. - Tables of body measurements,

organized in terms of percentile distribution, for use by workplace

designers in determining size and space requirements of the popula-

tion to be employed in the workplace under consideration.

3.1.6 Articulation index (AI). - A measure of intelligibility

that should be used in design of speech-communication systems. The

index formulation is based on the fact that in order to obtain high

intelligibility a high portion of the speech bandwidth must reach

the listener's ear and that the signal-to-noise ratio at the lis-

tener's ear must be high. The important frequencies are between

200-6100 cps. When the A1 = 1.00 the listener will make essentially

no error; when A1 = 0.00, the listener will rarely be able to under-

stand anything.

3.1.7 Assembly. - A combination of components, parts or sub-

assemblies joined together, or so arranged, that they perform a

specific function or functions.

3.1.8 Auditor_ threshold (Absolute). - The minimum sound pres-

sure level can be perceived through the human ear in the absence of

extraneous noise. The threshold for a pure tone is a function of

both frequency and amplitude, and the function varies considerably

from one individual to another. Measured in decibels (db), the

normal threshold for a standard 1,000 cycle tone is 0 db, while the

threshold for a i00 cycle tone is approximately 35 _b. The thresh-
old may be expressed in decibels relative to 2 x i0-- dynes per

square centimeter or 2 x i0 -4 microbar.
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3.1.9 Brightness. - An attribute of visual sensation determined

by intensity of light radiation reaching the eye, resulting in

variations along the achromatic scale of black to white. Also,

brightness is a photometric measure of light emission per unit of

a luminous body or a translucent or reflecting surface.

3.1.10 Clo. _ A unit of clothing expressed as:

i Clo = 0.88°F/BTU/Ft2Hr or

= 0.18°C/KCal/M2Hr

3.1.11 Component. - A functional part of a subsystem or equip-

ment that is essential to its operational completeness.

3.1.12 Console. - Denotes a cabinet designed for mounting of

panels.

3.1.13 Control. - That part of the equipment which is used by

the operator to bring about changes in equipment performance. The

most commonly used controls are the hand push button, foot push

button, toggle switch, rotary selector switch, knob, crank, hand-

wheel, lever, and pedal.

3.1.14 Control coding. - Designing controls for optimum tactual,

kinesthetic, or visual identification and discrimination by taking

into consideration such factors as shape, size, position (or location '

color, and mode of operation.

3.1.15 Control display ratio. - The ratio of the amount of

control movement to the magnitude of displacement in a corresponding

display. Research indicates that the time required to make accurate

control adjustments depended more on control display ratio than on

such factors as inertia, back-lash, setting tolerance, or control

size.

3.1.16 Control ratio. - The relationship between the amount of

movement of a control and the amount or degree of movement of that

which it is controlling.

3.1.17 Criterion. - Any standard by which the general validity

of a method, measuring device, or formula is judged.

3.1.18 Dark adaptation. - The process whereby the eye attains

greater sensitivity to light when placed in an illumination lower

than that to which it was previously exposed.

O
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3.1.19 Decibel (rib). - 0ne-tenth of abel. It is a dimension-

less, logarithmic unit expressing the ratio of two amounts of power.

Arithmetically, this ratio in decibels is i0 times the logarithm to

the base l0 of the ratio of the two amounts of power. Usually the

standard reference sound pressure level of 0.0002 dynes per square

centimeter (the average threshold intensity for a tone of 1,000

cycles per second) is used.

3.1.20 Depth perception. - Direct appreciation of the distance

of a given object from the observer, or direct appreciation of the

relative distance from front to ba_k _n the perception of solid
objects.

3.1.21 Discrete movement. - A single motion of a part of the

human body.

3.1.22 Discrimination. - The process of responding differen-

tially or selectively to one cue (or a set of cues) when presented

in a context of other cues. Discrimination may occur with or with-

out conscious awareness on the part of the individual.

3.1.23 Display. - A pattern of sensory cues, usually visual or

auditory, presented by means of instruments and arranged to provide

information concerning the functioning of a machine or apparatus.

3.1.24 Display, compensator_. - An instrument that is used in

tracking tasks and contains only one moving indicator to represent

error. Error is the difference between an actual output (indicator)

and the desired output (zero mark), and is sometimes called a "null

indicator."

3.1.25 Display, pictorial. - An instrument which simulates

the actual visual observation of an event while it is occurring.

As in the case of an attitude indicator, the instrument usually pro-

vides information relative to position in space.

3.1.26 Display, pursuit. - Any instrument used in pursuit

tracking which contains two moving indicators, one representing an

actual output (operator) and the other the desired output (command).

Error is estimated from the difference between these two indicators.

3.1.27 Effecti_ temperature (ET). - An empirical thermal index

that expresses the combined effect of air temperature, humidity, and

air movement in terms of the subjective feeling of warmth. Combina-

tion of temperature, humidity, and air velocity that produce the

same subjective feelings of warmth are assigned the same ET value.

@
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3.1.28 Evaluation. - Consists of (i) the review and analysis

of data and information collected during a test spectrum, (2) the

reporting of results as determined by this analysis, and (3) any

recommendations by the eva!uator for action to be taken to correct

any deficiencies found.

3.1.29 50th percentile man concept. - An over simplified

method, based upon media measurements, of describing the combined

characteristics of a varied population. Human characteristics are

reported and design requirements are usually specified to include

90% of the population, or the range from the 5th percentile to the

95th percentile. This can be misleading as a basis for design

criteria. Design criteria should be established upon specific

percentile requirements.

3.1.30 Finger tip knob. - A control knob of relatively small

size (diameter), and requiring relatively small force for actuation

such that it is usually manipulated by the finger tips.

3.1.31 Footcandle. - The illumination falling on the inner

surface of a sphere one foot in radius with an international candle
as its center.

3.1.32 Footlambert. - A unit of brightness equal to the bright-

ness of a perfectly diffusing and reflecting surface illuminated by
one footcandle.

3.1.33 Frequency-of-use principle. - A human engineering prin-

ciple which states that most frequently used items should be posi-

tioned in preferred locations, and that less frequently used items

should be positioned in less preferred locations, such as around

the fringes of a panel.

3.1.34 Function allocation. - A process of assigning the work

to be performed by a system to personnel and equipment so as to

achieve a resulting system that is maximally effective. This is

based on functional analysis which takes into consideration the

relative capabilities and limitations of man and machines.

3.1.35 Functional principle. - A human engineering principle

which states that controls and displays should be grouped according

to the function they serve.

3.1.36 Human engineering. - The engineering (or designing) of

equipment to be compatible with the capabilities and limitations of

the personnel who will operate, maintain, or control the equipment.

O
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3.1.37 Ground support equipment. - Any equipment (mechanical,

electrical or electronic) used on the ground to test, check-out,

launch and, if necessary, retrieve a missile or space vehicle.

3.1.38 Human factors (HF). - The scientific determination of

facts about human behavior, the development of systematic methods

for considering man in the design of systems, and the application

of these facts and methods throughout design. Human factors in-

cludes the development and application of procedures and principles

for the design of controls, displays, maintenance equipment, safety

procedures, training, work spaces, environmental contro]_ h1_8__

tasks and measurement of human performance.

3.1.39 Importance principle. - A human engineering principle

which states that displays and controls critical to the work activity

should be positioned in the "best" location, such as in the center

of a panel where a display can be most easily seen.

3.1.40 Integrated display. - Any of a number of instrument

panels designed to combine, in a minimum number of instruments, the

information traditionally displayed in many. Current "attitude

directors" and "situation displays" are examples of partial inte-

gration.

3.1.41 Kinesthesis. - Sensations attending movements of any

members of the body that arise from stimulation of special receptors

situated in the muscular tissue, joints, and tendons; the stimulus

being some mechanical effect of the contracting muscle or moving
members.

3.1.42 Legend plate. - The surface on which the legend (words,

symbols, or numbers) is depicted.

3.1.43 Light: simple indicator. - An indicator light contain-

ing no legend plate. Examples are pilot lights, and jewel indicators.

3.1.44 Light: single legend indicator. - An indicator light

having a single legend plate.

3.1.45 Light: multiple legend indicator. - An indicator light

having two or more legend plates. Examples are annunciator systems
and in-line readout displays.

3.1.46 Maintainability. - A quality of the combined features of

material design and installation which permits or enhances the accom-

plishment of maintenance by personnel of average skill and under the

environmental conditions in which the maintenance will be performed.

It includes repairability and serviceability, and is a function of

the rapidity and ease with which maintenance operations can be per-

formed to avert malfunctions or correct them if they occur.
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3.1.47 Maintainability characteristics. - Design features that

minimize the requirements for special tools, ground support equipment,

facilities, high skill levels, training, inspection, servicing, and

test, as well as removal, replacement, and overhaul operations.

3.1.48 Maintainability requirements. - A comprehansive state-

ment of required or desired features or characteristics to be incor-

porated into equipment design to enhance or permit the ease of
maintenance.

3.1.49 Medial plane. - The median vertical longitudinal plane

that divides a bilaterally symmetrical animal into right and left
halves.

3.1.50 Motor skill. - The ability to achieve the more or less

complicated adjustments of hands, fingers, legs, feet, or other

parts of the body in an integrated, smoothly-flowing sequence result-

ing in the performance of some act.

3.1.51 Noise criteria (NC). - A standard for evaluating the

effects of noise on speech communication and the annoyance factors

in various p_aces such as offices, conference rooms and factory

workplaces.

3.1.52 Normal operating range. - That area over which an opera-

tor can easily perform a given task without undue reaching or bending.

3.1.53 Operator. - The human component in any man-machine

system.

3.1.54 Palm grasp knob. - A control knob of moderately large

size or requiring relatively large force for actuation such that is

is usually manipulated by the entire hand grasping it.

3.1.55 Pan____e_l.- Denotes the front plate of an ass_nbly upon

which operational controls and displays are normally mounted.

3.1.56 Parallax. - The apparent displacement of an object, or

the apparent difference in its position, if viewed from two dif-

ferent points.

3.1.57 Part (detail part; component part). - An article that

is not operationally useful by itself but is an element of subassembly,

assembly, or a component and is of such construction that it is

practically, or economically, not amenable to further disassembly

for maintenance purposes. Examples: resistor, transformer, switch,

connector, fixed capacitor, and potentiometer.

O
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3.1.58 Percentile. - The value of the statistical variable that

marks the boundary between the consecutive intervals in a distribution

of i00 intervals each containing one per cent of the total population.

This value indicates the percentage of people falling at or below this

particular value of measurement.

3.1.59 Perception. - The awareness of external objects, quali-

ties, or relations, which ensues directly upon sensory processes.

3.1.60 Perceptual span. - The amount of perceptual material

which a subject is able to grasp at a single brief presentation.

3.1.61 Peripheral field of vision. - The visual field extend-

ing beyond the central field and included within the area of 120

degrees vertically by 160 degrees horizontally , varying somewhat

according to the features of the individual.

3.1.62 Procuring activity. - The procuring activity is the

design or purchasing activity having cognizance of the item being

procured.

3.1.63 Rack. - A tall, vertically straight frame upon which

standard panels are mounted.

3.1.64 Reflectance. - The ratio of l_minous flux reflected

from a surface to the luminous flux striking it.

3.1.65 Relative humidity (RH). - The ratio of absolute humidity

to the maximum possible density of water vapor in the air at the

same temperature.

3.1.66 Reliability (equipment). - The probability that an item,

when used in a manner and for the purpose intended, will perform

satisfactorily for a specified period of time.

3.1.67 Repairability. - The probability that (i) when mainten-

ance action, due to equipment malfunction, is taken the system will

be restored to a satisfactory operating condition in a given period

of time, with a given manpower expenditure, and (2) that the equip-

ment will then remain in satisfactory operating condition for a

specified period of time.

3.1.68 Seat reference point. - The point where median lines

of the seat bottom and back rest intersect, or where the projected

lines intersect when the seat is in the occupied position.

@
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3.1.69 Serviceability. - A function of equipment design, con-

figuration, installation, and operation which results in minimization

of maintenance requirements and includes the use of special tools,

support equipment, skills, and manpower. It enhances the ease of

performing maintenance and reduces expenditure of time and material.

3.1.70 Signal to noise ratio. - The ratio, in decibels, of

signal intensity, to noise intensity.

3.1.71 Speech interference level (SIL). - A simple (not as

exacting as the Articulation Index) method for predicting the intelli-

gibility of face-to-face speech communication. Used in situations

in which the noise has a relatively continuous spectrum. It is the

average value of the decibel level in the three octave bands of

600-1,200, 1,200-2,400, and 2,400-4,800 cps.

3.1.72 Stress, psychological. - A strained condition generated

by a variety of causal factors usually producing a decrement in

human performance. Stimulus conditions which produce stress include

failure (or feelings of failure), distractions, fear inducing situa-

tions, physical discomfort, hazards, confinement or isolation.

3.1.73 Subassembly. - Two or more parts that form a portion of

an assembly or a unit replaceable as a whole but having a part or

parts which may be individually replaceable.

3.1.74 Subsystem. - A major functional part of a system, usually

consisting of several equipments or components, which is essential to

operational completeness of the system (such as airframe, navigation,

and communication).

3.1.75 System. - An organized arrangement of assemblies, sub-

assemblies, and component parts in which each acts, reacts, or inter-

acts in accordance with an overall design which adheres in the

arrangement. It includes all equipment and associated personnel

integrated to perform a defined task.

3.1.76 Tactual. - Pertaining to the sense of touch.

3.1.77 Task. - A group of related job elements performed within

a work cycle. More specifically, it is a group of discriminations,

decisions, and effector activities related to each other by temporal

proximity, immediate purpose, and a common man-machine output.

3.1.78 Test point-primary. - Operational test points used for

isolating a malfunction to a removable subassembly.

3.1.79 Test points-secondary. - Maintenance test points used

for isolating a malfunction to the part level after a subassembly

has been removed from the assembly.

@

12



O

MSFC-STD-267A

January 31, 1966

3.1.80 Threshold. - That value or intensity at which a stimulus

just produces a sensation or comes just within the limits of per-

ception. Statistically, this value is given at a point where 50 per-

cent of a particular stimulus is perceived and 50 percent is not

perceived by a given population. Differential or relative threshold

is that difference between two stimuli which is (also on the average)
just noticeable.

3.1.81 Transillumination. - An indirect type of illumination

used on some console panels and which utilizes edge and back light-

ing techniques on clear, fluorescent, or sandwich-type plastic
materials.

3.1.82 Transmittance factor. - The percentage of incident

to that which is absorbed or reflected. Selective transmittance

refers to the transmittance of particular wavelengths of light

through a transparent or translucent medium, such as a red filter.

3.1.83 UDMH. Unsymmetrical dimethyl hydrazine. - A very

powerful and extremely reactive fuel. Hypergolic, usually used

together with nitrogen tetroxide and hydrazine. Extremely toxic

requiring great care in handling.

3.1.84 Unit. - An assembly or any combination of parts, sub-

assemblies, and assemblies which, for convenience or practicality,

are grouped together. A unit may or may not be functional in itself.

3.1.85 Visual field. - The totality of visual stimuli which

act upon the unmoving eye at a given moment. Also the area, measured

in degrees, which can be seen by the fixated eye.

3.1.86 Visual threshold. - The minimum intensity of light that

can be seen by the human eye after complete dark adaptation, gener-

ally considered to be about i/l,000,OO0,000 of a lambert. Theoreti-

cally, as few as half a dozen quanta of light reaching the retina

have a good probability of yielding a visual sensation.

3.1.87 Windchill index. - An empirical expression for the total

cooling power of the environment and includes both temperature and

wind severity.

O

13



GENERALREQUIREMENTS

O



MSFC-STD-267A

January 31, 1966

4.0 GENERAL REQUIREMENTS

4.1 Standardization. - Where feasible, selection of components,

marking, coding, labeling, and arrangement schemes (equipment layout)

shall be standard for all system equipment.

4.2 Reliability. - Design activities and contractors shall com-

ply with the human engineering design criteria specified herein.

Where adherence to the criteria results in degradation of the system

reliability, the reliability considerations shall govern if they are

approved by the procuring activity.

4.3 Aut_nation. - Functions should be automated when the follow-

ing conditions exist:

(a) The operators alrea_ required as system components

are unable to perform the function within the re-

quired sensitivity, precision, reliability, time,
and risk.

(b) The reliability of the system performance can be
increased.

(c) The total number of qualified personnel required to

operate and maintain the system are not available.

4.4 User capabilities. - Consideration shall be given to the

capabilities and limitations of the intended user relative to the

following areas:

(a) Intellectual, physical and psychomotor capabilities.

(b) Sensory capabilities such as visual, auditory,

tactile, and thermal.

4.5 Control and display arrangements. - Controls and displays

shall be desigued and arranged with consideration being given to the

human elements used in operating and maintaining the equipment.

4.6 Space limitations. - Consideration shall be given to human

space limitations for operation and maintenance.

4.7 Safety. - Consideration shall be given to safety factors,

including minimization of potential human error in the operation and

maintenance of the system. Where adherence to the design practices

contained in this standard will result in degradation of the system

safety, the safety consideration shall have priority as specified by

the procuring activity.

@
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4.8 Environment. - Consideration shall be given to environmental

factors-such as temperature, humidity, illumination, sound, dust,

vibration, radiation, and airflow-that affect the ability of personnel

to perform as required.

4.9 Comfort. - Consideration shall be given to comfort factors

only as they relate to efficiency of operation.

4.10 Interaction. - An operator assigned to control and monitor

a particular function, or group of related functions, shall have at

his disposal, within acceptable reach and visual range, all controls

and displays necessary to adequately fulfill the assignment. It

shall not be necessary for more than one man to have simultaneous

access to a particular group of controls or displays in order to

insure proper functioning of a system or subsystem.

4.11 Simplicity. - The equipment shall be of the most simple

design possible that will fulfill functional requirements, meet

expected service conditions, and permit maximum operation, mainten-

ance, and repair by semi-skilled personnel.

O
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5.1 Control criteria.

5.1.1 Control requirements. - A control is that part of the

equipment which is used by the operator to bring about changes in

equipment performs_uce. The most commonly used controls are the

toggle switch, push button, legend switch, knob, crank, handwheel,

lever and pedal. The element controlled is usually some output,

expressed as rate, quantity or direction. In many cases, use of the

improper type of control may mean only the difference between effi-

ciency or inefficiency of operation, in other cases, it could mean

the difference between success or failure of a mission; therefore,

self (ie, without an associate display feedback) may be quite satis-

factory for turning on the power to some unit, but it is a poor

choice if knowledge of that "on-off" status is critical to the sys-

tam. A small rotary indicator knob may be acceptable for adjusting

a meter which is located close to the operator and at eye level, but

it is a poor choice if it is located high overhead such that the

control setting cannot be read or it is incorrectly read. Thus, the

"goodness" or "poorness" of a control depends on the appropriateness

of the task and condition assigned to it. (Ely, i) XR-C-2

5.1.2 Control selection.

5.1.2.1 Selection analysis. - The following four factors shall

be considered in selecting the proper control: function of the con-

trol, task requirements, informational requirements for the operator,

and work space requirements. It should be noted that these factors

are not separate and distinct, but are interrelated.

5.1.2.1.1 Function of the control.

(a) The purpose and importance of the control to the

system shall be t_en into full consideration.

_-C-1

(b) The control shall encompass the range of char-
acteristics of that which is to be controlled.

XR-C-1

(c) Controls that serve a special function shall be

distinguished from the others; eg, emergency

control identified by a red border. XR-C-2

5-1-2.1-2 Task requirements.

(a) The precision, range, speed and force require-

ments in using the control shall be considered

in control selection. XR-C-I

23



MSFC-STD-267A
January 31, 1966

(b) The operation requirements of the controls shall

be within the capability of the operator.

XR-C-I

(c) Where a control has several requirements (eg,

precision versus speed) the final selection

shall be based on consideration of which has

the most important effect on system perform-
ance. XR-C-2

5.1.2.1.3 Information requirements for the operator.

The operator's requirement for locating and

identifying the control, determining control

position (setting), and sensing any change in

control position shall be taken into considera-
tion. XR-C-I

(b) Where the control by itself cannot give the

required feedback, a supplementary display

(eg, legend indicators) shall be used. See

Display 5.2. XR-C-I

5.1.2.1.4 Work space requirements.

(a) Space availability on the panel for layout of

components shall be considered. XR-C-2

(b) Space availability for operating the control in

front_ back, side, and above the plane of the

control location shall be taken into considera-

tion. XR-C-2

5.1.2.2 Selection of control mode. - In order to appropriately

select the correct control mode, consideration shall be given to the

following parameters: selection of limbs to be used; definition of

control function as to rotary or linear types; definition of control

function as to discrete or continuous types; and selection of con-

trois which can be easily identified. Each of these parameters is
discussed in detail.

5.1.2.2.1 Use of limb. - In complex tasks, controls shall be

distributed so that the limb members are used optimally and effec-

tively. (Barnes, 2; Fitts, 3; Grether, 4, 5) XR-S-2

5.1.2.2.1.i Hand controls.

(a) Controls requiring rapid and precise manipu-

lation shall be assigned to the hands.

(Barnes, 6; Craig, 7, 8; Reed, 9) XR-S-2

@
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Where there is choice between locating a con-

trol for either right or left hand operation,

the right hand orientation shall be pre-

ferred. (Baines, i0; Craig, 7, 8; Reed, 9)

XR-S-2

(c)

(d)

(e)

_nere a control requires critical manipula-

tion or large force for actuation, it shall

be assigned to the right hand. (Hunsicker,

ii, 12) XR-S-2

When hand control requires a large force or

movement for actuation, consideration shall

shoulder, including the wrist and hand.

(Henschke, 13) XR-S-3

In situations where complex coordination is

involved, eg, tracking, two-hand operation

shall be used. (Craig, 7, 8; Warrick, 14)
XR-S-2

5.1.2.2.1.2 Foot controls.

(a) Foot controls shall be used when the advan-

tage of freeing the hands for other tasks is

mandatory. XR-C-2

(b) Foot controls shall be used when the superior

strength of the legs is mandatory for task

performance. XR-C-2

(c) Foot controls shall be placed to ensure ease

of identification and location. (Hunt, 15)

XR-S-3

(d) Foot controls shall be located to prevent

accidental actuation. XR-C-2

(e) Not more than two foot controls shall be

assigned to each foot. XR-C-3

5.1.2.2.2 Rotary versus linear controls. - Rotary controls

will be preferred to linear controls for the following reasons:

(a) Range of movement of rotary controls is greater

than linear controls. XR-C-2

O
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(b) Control setting time is more affected by the

ratio of control movement to displ_v movement

than by factors such as control size, friction,

setting toler_ice and backlash. (Jenkins, 16,

17, 18, 19, 20) Ratio of control movement to

display movement is more easily controlled

using rotary controls than by using linear

controls. XR-S-3

(c) Linear controls require an optimal friction co-

efficient to ensure accurate adjustment.

(Bumke, 21; Jenkins, 22) XR-S-3

(d) For small adjustment and given proper control-

display linkage, rotary and linear controls

adjustment are equally precise. For large

adjustment, rotary control is superior to

linear control. (Ely, i) XR-S-3

5.1.2.2.3 Discrete (detent) and continuous controls.

(a) Discrete adjustment (detent) controls, rather

than continuous adjustment controls, shall be

used when performance requirements are such

that the controlled object can be adjusted in

a limited number of discrete steps. Not only

is there saving in time, but the detent is not

likely to be knocked out of the set position.

(Ely, l) XR-C-2

(b) Where possible, consideration shall be given to
detent controls instead of continuous controls

since positioning requires only gross movement

rather than a combination of slewing and fine

adjustment movements. (Ely, i) XR-S-2

(c) Detent controls should be considered in prefer-

ence to continuous controls where speed of

actuation is critical. XR-C-3

(d)

(e)

Detent control positioning shall be preferred to

continuous control positioning where protection

of setting position is required. XR-C-2

Continuous adjustment controls shall be used

when precise adjustments are needed along a

continuum. XR-C-2

@
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Where flexibility of control is required, con-

tinuous controls shall be preferred to dis-

crete controls. See items (b), (c) and (d)

above where speed is a consideration. XR-C-2

(g) W-nen precision and accuracy are critical, all

control forces (amplitude, terminal torque,

and relative torque change per unit of ampli-

tude) shall be considered with respect to

system requirement. (Bahrick, 23) XR-S-2

(h) Where req_red, locki_ mechanisms should be
considered to mnimize accidental actuation.

(i) W_nere a combination of gross and fine adjust-

ment are required, selection of discrete con-

trol for gross adjustment and a continuous

control for fine adjustment shall be considered.

XR-C-2

5.1.2.2.4 Control identification. - Controls shall be selected

which are easily identified.

(a) Standardized controls usage shall be adopted

throughout the system for ease of identifica-
tion. XR-C-2

(b) Special identification for controls shall be

limited to special control situations, eg,

emergency controls. Excessive use of special

identification shall not be used. XR-C-2

(c) See Control Coding subsection 5.1.6 and Control-

display interaction 5.3 for further details.

5.1-3 Types of controls.

5.1.3.1 Requirements. - The following criteria shall apply for

size, displacement, resistance and other requirements.

5.1.3.2 Toggle switches.

5.1.3.2.1 Application. - The following is a list of character-

istics pertaining to toggle switches: these shall be considered in

the selection of controls.

(a) Requires little space for location and" opera-

tion. (Bradley, 24) Only the bat handle and

the mounting hex-nut are exposed on the panel

surface. Actuation is usually accomplished
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5.1.3.2.2
follows :

using the ball of the thumb or the bend of the
index finger_ thus requiring a relatively
small swept area. (Jones, 25) XR-S-2

(b) Usually has two positions. May have more posi-

tions_ but speed and ease of operation are

sacrificed. As the number of positions is

increased, greater care and hence greater

amount of time are required to actuate a tog-

gle to the desired position. (Ely, i) XR-C-2

(c) Control setting (position) is identifiable both

visually and non-visually provided there are a

small number of positions and the viewing

angle is proper. The two position type is

preferable_ but the three position type is

acceptable if used in non-critical tasks. If

position identification is critical, other

tYl0eS of switches which afford distinct posi-

tion indication (eg, detent rotary) should be

used instead. The momentary spring-return

type is not a problem as deliverate manual

operation is required. XR-C-2

(d> Can be operated quickly and simultaneously with

other toggles in a line or array. When ar-

ranged in an array, identification is aided by

its proximity to its associated display mark-

ing or by its location to the other switches.

(Ely_ i; Bradley, 24) XR-S-2

(e) Very quickly actuated by a simple motion of the

hand. (Schultz, 26) This is true for a range

of spring tension. Actuation time under dif-

ferent spring loading (200 to 1320 grams) is

very similar. (Stump, 27) XR-S-2

Size. - The size of toggle switches should be as

(a) Minimum control tip diameter - 0.125 inch.

Maximum control tip diameter - i inch. XR-C-2

(b) Minimum lever arm length - 0.5 inch.

Maximum lever arm length - 2 inches. XR-C-2

@
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5.1.3.2.3 Displacement. - Displacement of toggle switches

should be as follows: See figure i.

Figure i. Minimum displacement angle for toggle switch

(a) Minimum (between adjacent control positions) -

30 degrees. XR-A-2

(b) Maxim_n (total displacement) - 120 degrees.
XR-A-2

5.1.3.2.4 Resistance. - The resistance factors apply to dis-

crete position toggle switches only. No studies have been done to

determine the acceptable resistance values for !everlock or momentary
contact types of toggle switches. Resistance is described in terms

of linear resistance rather than torque. Requirements sh_ld be as
follows:

(a) Minimum resistance - i0 ounces. XR-C-2

(b) Maximum resistance - 40 ounces. XR-C-2

5.1.3.2.5 Other requirements.

(a) Snap-action contact will be provided with

audible clicking to indicate actuation. XR-C-2

(b) Toggle switches will be vertically oriented

with "up" for "on" and "down" for "off". They

shall be mounted to operate horizontally only
to be consistent with the orientation of the

controlled _anction or equipment location.

See Control-Display Interaction section for
details. XR-S-2
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5.1.3.3 Rocker arm switch. - The rocker arm switch will not be

used where reliability and safety are considerations. This type of

switch has two inherent disadvantages:

(a) Ambiguity of position status. Switch positions

can be mistaken if viewing angle is not proper.

x_-c-3

(b) Accidental actuation. Unless a switch guard is

provided_ it is easy to accidentally actuate the

rocker switch. XR-C-3

5.1.3.4 Thumbwheels.

5.1.3.4.1 Application. - Thumbwheel controls may be used where

the function requires a compact digital control-output device and_

in addition_ a readout of these manual inputs is provided. There

are two main types: continuous and discrete. XR-C-2

5.1.3.4.2 Continuous thumbwheels.

(a) Can be used for fine calibration. XR-C-2

(b) Requires a locking device to prevent accidental

positional change. XR-C-2

(c) Requires associated display for clear feedback.

XR-C-2

5.1.3.4.3 Discrete thumbwhee!s.

(a) Provide snap action for inserting discrete

values into the system. XR-C-2

(b) Require a protective guard to prevent accidental

actuation. XR-C-2

(c) Legends shall be placed to the left of the

knurled position or between the serrated posi-
tions. XR-C-2

5.1.3.4.4 Other features. - Thumbwheels shall have these addi-

tional features.

(a) Setting values shall increase with upward

stroke on the thumbwheel. (See Control and

Display section 5.3, direction of movement.)

XR-S-2

(b) Readout shall not be obscured when viewed from

the side. XR-C-2
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(c) Size, displacement, and resistance shall be

determined by system requirements. XR-C-2

(d) When required, thmmbwheels may be coded by

position, labelling, and color (eg, as in

automobile odometer). XR-C-3

5-1.3-5 _ash buttons (fin_er actuated)

5.1.3.5.1 Application. - There are three major types: (i) push-

on and push-off; (2) push-on and release-off; and (3) push-on and

lock-on. 1--nefollowing applies to all three types and shall be taken
into consideration in the selection of controls:

(a) Requires little space for mounting and opera-

tion. (Bradley, 28) Compared with other

switch types and assuming most features (me-

chanical and electrical) to be similar, the

finger push button requires the least amount

of space for mounting on a panel surface.
XR-S-2

(b) Operation is performed using one finger with a

motion along an axis that is a right angle to

the mounting surface--a sweeping motion is not

required. (Jones, 25) XR-S-2

(c) Can be operated quickly and simultaneously with

other push buttons arranged in an array.

(Bradley, 28; Klemmer, 29; Wassertheil, 30)

XR-S-2

(d) Usually has two status positions--these being
s_ne variations of "on" and "off". Status

position is not easily identified visually or

non-visually, especially push-on push-off types.

(Hunt, 15) Associated display for feedback

shall be required if knowledge of status is

important. XR-S-2

(e) Easily coded by color or size (Hunt, 15), the
button can be made of different colors and

sizes. Location coding and identification,

eg, as with digited computer numeral insertions,

are also advisable when arranged properly or

with proper display markings. (Knowles, 31)
XR-S-2

@
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5.1.3.5.2 Size____.- Finger actuated push button will be the fol-
lowing sizes:

(a) Minimumdiameter for fingertip operation - 0.5
inch. XR-C-2

(b) Minimum diameter for emergency controls which

can be activated by thumb or heel of hand -

0.75 inch. XR-C-2

(c) M_ximumdiameter - no limitation set by operator

performance. XR-C-2

5.1.3.5.3 Displacement. - Displacement of finger actuated push

button will be as follows:

(a) Minimum - 0.125 inch. XR-A-2

(b) M_xim_m for thumb or fingertip operation - 1.5

inches. XR-A-2

5.1.3.5.4 Resistance. - Resistance of finger actuated push

button will be as follows:

(a) Minimum for fingertip operation - i0 ounces.

XR-A-2

(b) Maximum for fingertip operation - 40 o_ces.

_-2

5.1.3.5.5 Other requirements.

(a) Whenever feasible_ the button shall be concave

to prevent slippage. XR-C-2

(b) The button shall be recessed where accidental

actuation would endanger the system. The

recess or barrier shall be a minimum of 0.0625

inch in a guard which shall protrude frQm the

surface of console. XR-A-2

(e) The button will have a snap action with an

audible click to indicate control actuation.

XR-C-2

(d) Visual indication of c_ntrol actuation shall be

provided for critical function. XR-C-2

(e) Marking shall be in upright position at all

times. XR-C-2

O
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(f) Marking shall be readable and legible after

wear from use. XR-C-2

5.1.3.6 Push buttons (foot).

5.1.3.6.1 Application. - There are two major foot operated

push-button t_es: (!) push-on arid release-off; and (2) push-on arld

push-off. These considerations apply tc both types _]d shall be

taken into consideration in the selection of controls.

Leaves the hand free for other operations.

This fact alone may be the primary reason for

using the foot push button. XR-C-2

(b) Requires large space area for operation because

of foot size and swept volume. X_-C-2

(c) Control status is not easily identifiable.

(H_nt, 15) Care sho_Id be exercised in decid-

ing the location and selecting the resistance
value so accidental actuation is minimized or

eliminated. XR-C-2

5.1.3.6.2 Size. - Push button foot switches will have the fol-

lowing size requirements:

(a) Minim_ diameter - 0.75 inch. XR-C-2

(b) Maximum diameter - no limitation set by operator

performance. XR-C-2

5.1.3.6.3 Displacement. - Displacement of push button foot

switches will be as follows:

(a) Minimum for normal _eration - 0.5 inch.

_-C-2

(b) Minimum for heavy boots - i inch. XR-C-2

(c) Maximum for controls operated by ankle flexion

only - 2.5 inches. XR-C-2

(d) Maximum for controls operated by leg movements -

4 inches. XR-C-2

5.1.3.6.4 Resistance. - Resistance of push button foot switches

will be ms follows:

(a) Minimum resistance when foot will not rest on

control - 4 pounds. XR-C-2



MSFC-STD-267A
January 31, 1966

(b) Minimumresistance when foot may rest on con-
trol - iO pounds. XR-C-2

(o) Maxim'_ resist_ce for normal operation_ foot

resting or not resting on control - 20 pounds.

XR-C-2

5.1.3.6.5 Other requirements.

(a) The control shall be designed for ball of the

foot operation. If space permits_ foot push

buttons shall be actuated by a pedal hinged
at the heel. XR-S-2

(b) Snap action with an audible click will be pro-

vided to indicate control actuation. XR-C-3

(c) Visual indication of control actuation shall be

provided. XR-C-2

5.1.3.7 Legend switch.

5.1.3.7.1 Application. The legend switch combines the dis-

play in a control. It has many of the features of a push button

switch plus those of the legend switch. The following characteris-

tics of the legend switch shall be considered in the selection of
controls.

(a) Displays qualitative information which requires

the operator's attention to system status.

XR-C-2

(b) Permits minimal interpretation by operator

while interpretation depends on legend charac-

teristics_ it usually permits better feedback

than a push button. XR-C-2

(c) Can be used singly or in some matrix. The

space required for mounting is less than that

required for a push button and legend indicator

separately. XR-C-2

5.1.3.7.2 Size. - Legend switch will have the following size

requirements (either length or height).

(a) Minimum - .75 inch. XR-C-2

(b) Maximum - 1.25 inch. XR-C-2

O
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5.1-3.7-3 Displacement. - Legend switch will have the follow-

ing displacement requirement.

(a) Minimum - .125 inch. XR-C-2

(b) Ma×imum - .25 inch. XR-C-2

5.1.3.7.4 Resistance. - Legend switch will have the foll_ing

resistance requirements:

(a) Minimum - i0 ounces. XR-C-2

(b) Maximum - 45 oum_ces. XR-C-2

5-1-3.7.5 Separation. - Separation of legend switches between

rows or between adjacent switches will be as follows:

(a) Minimum - .125 inch. XR-C-2

Barrier height (from panel surface). - Barrier height

(a) Minimum - .187 inch. XR-C-2

5.1.3.7.6

shall be :

(b) Maximum - .25 inch. XR-C-2

5.1.3.7.7 Other requirements.

(a) For positive indication of switch activation_

the legend switch will be provided with a

detent or click. XR-C-2

(b) The legend shall be legible when only one lamp

is operating within the switch. XR-C-I

(c) There shall be press-to-test or dual lamp reli-

ability. XR-C-I

(d) Lamps within the legend switch shall be replace-

able from the front of the panel by hand.
XR-C-2

(e) There shall be a maximum of three lines of

lettering on the legend plate. XR-C-2

5.1.3.8 Knobs. - The following general features apply to knobs

and shall be taken into consideration when they are evaluated for
use as controls.
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5.1.3.8.1 Application.

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

The number of knob positions shall be between

3 to 24. Speed and accuracy of setting and

checking are sacrificed with too many settings.

(Ely, i) XR-C-2

A spacing of 35 degrees between settings is

desirable. (Hunt, 32) The horizontal and

vertical axes provide the operator definite

cues for more accurate settings. Areas be-

tween the horizontal and vertical axes provide

poorer reference cues. If the spacing between

settings is too small, misreading can occur due

to parallax. (Chapanis, 33, 34) XR-S-2

The associated labels can cause a clutter if

there are too many positions and can lead to

errors in setting and reading. XR-C-2

Require more space for location and operation

than do push buttons and toggles. (Bradley,

35) Generally the knobs for operating a rotary

switch are large. The markings about the posi-

tions take up additional space. The swept area

for operating a rotary switch is large as it

involves more fingers for manipulation. (Jones,

25) xR-s-2

When a large number of discrete settings are

required, one rotary switch takes up less space

than an array of toggles or push buttons.

(Bradley, 35) XR-S-2

Easily identified by color or shape. Control

settings (positions) are easily identifiable

visually and tactually with proper design.

(Ely, i) XR-S-2

Actuation speed depends on the torque require-

ment and the number of positions used. The

higher the torque required and greater the

number of positions, the slower the actuation

time. (Siegel, 3_) XR-S-2

Can be used with either a rotatable indicator

(pointer) and stationary label, or a stationary

indicator and label on a rotatable skirt. If

the label on a rotatable skirt is used, care

O
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(i)

must be taken to insure that the orientation

of the label is correct (upright to the

viewer) throughout all the reading positions.

(my, i) xR-s-2

See Human capabilities and human responses

5.4.1 for data on maximr!m actuation torque on

knobs. Notice that these maximum torque values

are much larger than the operating values given

below. The operating values are for ease of

operation and shall be used. The maximum
v_±_ wmm± be used ---_ whe_i _c_ O.LUfI_-L coil-um±y

ditions are required.

5.1.3.9 Multiple rotation knobs.

5.1.3.9.1 Application. - Multiple rotation knobs shall be used

• _- J- offor controls that have s_u _dsus_men_ range one f_ll turn or more

Multiple rotation knobs shall be used for controls that require

twirling or spinning. XR-C-2

5.1.3.9.2 Feedback. - Multiple rotational knobs shall have an

information feedback, such as a gage, tmless the system provides

other adequate safeguards or position indicator. XR-C-2

5.1-3.9.3 Size. - Within the ranges listed below, the b_ob

sizes are relatively omimportant when the resistance is low and the

knob is easily grasped _nd manipulated. General size design will be

followed.

(a) Minimum depth (fingertip grasp _nob) - 0.5 inch.

Maximum depth (fingertip grasp knob) - none.

XR-C-2

(b) Minimum diameter (fingertip grasp knob) - 0.375

inch. Ma_immm diameter (fingertip grasp knob -

4 inches. XR-C-2

(c) Minimum diameter (palm grasp knob) - 1.5 inches.

Maximum dismeter (palm grasp knob) - 3 inches.
XR-C-2

(d) Minimum diameter (thumb and finger encircled) -

i inch. M_ximum diameter (thumb and finger

encircled) - 3 inches. XR-C-2

5.1.3.9.4 Displacement. - Displacement shall be determined by

the desired control display ratio. XR-C-2
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5.1.3.9.5 Resistance (torque). - Resistance of multiple rota-

tion knobs will be as follows:

(a) Minimum - no practical limit is set by operator

performance. Jarring_ vibration or other con-

tions shall determine minimum resistance

limit. See 5.4.1 for resistance values under

vibration. XR-C-2

(b) Maximum for fingertip operation with small (l-

inch diameter) knobs - 4.5 inch-ounce of

torque. XR-C-2

(0) Maximum for fingertip operation with larger

knobs (above i inch diameter) - 6 inch-ounces

of torque. XR-C-2

5.1.3.10 Fractional rotation knobs.

5.1.3.10.1 Application. - Fractional rotation knobs shall be

used on controls that do not require spinning or twirling_ or con-

trois that have an adjustment range less than one full turn.

5.1.3.10.2 Feedback. - Fractional rotational knobs shall have

an information feedback_ such as a gage_ unless the system provides

other adequate safeguards or position indicator. XR-C-2

5.1.3.10.3 Size. - Same as multiple-rotation knobs. XR-C-2

5.1.3.10.4 Displacement. - Same as multiple rotation knobs.

XR-C-2

5.1.3.10.5 Resistance. - Same as multiple-rotation knobs.

_-C-2

5.1.3._i Detent positioning knobs.

5.1.3.11.1 Application. - Detent positioning knobs shall be

used on controls that do not require spinning or twirling_ on con-

trols that have an adjustment range of not more than one full turn_

or on controls that have a knob position that is a critical item of

information in the control operation.

5.1.3.11.2 Size. - The size of detent positioning knobs will
be as follows:

(a) Minimum pointer length - i inch. Maximum

pointer length - 0.75 of the knob diameter.
XR-C-2
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(b) Minimum pointer width - at extremity shall be

equal to the line width of the numeral of

letter designation or of the incremental in-

dicator. Maximum pointer width - i inch.

ZIR-C-2

(c) Minimum pointer depth - 0.5 inch. F_ximum

pointer depth - 3 inches. XR-C-2

5.1.3.11.3 Displacement. - Displacement of detent positioning
knobs will be as follows:

(a) Minimum displacement (between adjacent detents)

for _r_sua! _÷_ - n_ _ _• _ _ ........... 5 _ degrees. _-_-_

(b) Minimum displacement (between adjacent detents)

for non-visual positioning - 30 degrees.

XR-C-2

(c) Maximum displacement (between adjacent detents)

for facilitating operator performance - 40

degrees. )CR-C-2

(d) Maximum displacement (between adjacent detents)

when special engineering requirements demand

large separations - 90 degrees. XR-C-2

5.1.3.11.4 Resistance. - Resistance of detent positioning knobs

shall be as follows:

(a) Minimum- 12 inch-ounces.

(b) Maximum - 48-inch-ounces.

5.1.3.11.5 Other requirements. - Other requirements of detent
knobs will be as follows:

(a) No more than 24 switch positions will be

incorporated into one detent positioning knob.

XR-C-2

(b) The pointer will have a tapered tip and ade-

quate gripping surface. XR-C-2

(c) Position of the pointer knob in relation to
the scale will be such as to minimize

parallax. XR-C-2

O
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5.1.3.12 Cranks.

5.1.3.12.1 Application. - The following features relating to

cranks shall be considered in the selection of controls.

(a) Effective in making adjustments on a continuum

when larger distance must be covered and high

rates of turning are required. (For short

adjustment distance and slow turning rate,

other control types should be considered.)

(Helson, 37) XR-C-2

(b) The preferred hand (hence mostly the right

hand) is more efficient and faster in crank-

ing. (Baines, i0; Craig, 7, 8; Reed, 9)

XR-S-2

(e) For low friction small crank radii produce

fastest performance but for great amount of

friction larger radii are best. (Gerall, 38)
XR-S-2

(a)

(e)

(f)

(g)

Cranks of high mass produce greater accuracy

of manipulation than cranks of low mass.

(Helson, 37) XR-S-2

Require more space for location than most

other controllers. Crank operation requires

large amounts of space as the entire hand is

involved in a large swept area. XR-C-2

Since it is usually multi-rotational in opera-

tion, the handle or any marking on the crank

generally does not indicate the control

setting. (Hunt, 15) XR-S-2

Can have an unlimited range of gross or fine

control movement with the proper gearing.

(Ely, 1) XR-S-2

5.1.3.12.2 Size. - Size of cranks will be as follows:

(a) Minimum radius - 0.5 inch. XR-C-2

(b) M_ radius (heavy load) - 20 inches.

_-C-2

(c) Maximum radius (minimum load and high rate -

up to 275 rotations per minute) - 4.5 inches.

XR-C-2

O

O

O
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5.1.3.12.3 Displacement. - Displacement shall be determined

by the control display ratio. See Control-Display section 5.3-
XR-S-2

5.1.3.12.4 Other requirements.

(a) Cranks will have a grip that is free to turn

on its own axis. XR-C-3

(b) As the load increases; the crank size shall be

increased to maintain a desired turning rate.
f .....

_me±son_ 5{) X-R-S-2

(_) _nm_7_ _ _b_ _._77 _ 7 5_ 4_ 4_

length by 0.500 inch in diameter for opera-

tions requiring fast wrist and finger move-

ment and 3.750 inches in length by 1.000 inch

in diameter for operations requiring arm

movement of heavy loads. XR-C-3

(d) Cranks may be mounted either to the right or

left of the center of the operator's position.

(Hunsicker, 12) XR-S-3

(e) Cranks that require extreme torque shall be

mounted so that the turning _<is is parallel

to the frontal plane of the b_dy. (Helson_

37) See figure 2. XR-S-2

_mm
FRONTAL

PLANE

Figure 2. Cranks requiring extreme torque
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(f) Crank controls that are to be turned rapidly

shall be mounted so that the turning axis

lies within a range from perpendicular to

about 60 degrees off the frontal plane of

the operator. (Helson, 37) See figure 3.

XR-S-2

@

FRONTAL

PLANE

Figure 3. Cranks requiring rapid turning

(g) Crank diameters shall be in accordance with

table I for optimum efficiency. (Douglas_

39) XR-S-2

5.1.3-13 Handwheels.

5.1.3.13.1 Application.

(a) Designed to be operated by two hands for situa-

tions requiring an initial rotational force

too large for one hand. (A rotatable handle

may be attached to the rim of any part of the

wheel to facilitate one hand operation. When

this is done it takes on the properties of

the crank. When such rotary controls are

small enough to be grasped by one hand, they

are classified as knobs.) XR-C-2

(b) Usefal for exerting greater force than is pos-

sible with other rotary controls of equal

radius. (Orlansky, 40, 41) XR-S-2

@
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Table I.

24

36

39

4o

42

48

H

COA

_v

Optimum control diameters and torque

K_

0 W

0 W

L W

O C

9o w

9o c

-45 w

-45 c

45 w

45 c

O W

O C

SIZE

HANDWHEEL (W), DIAMETER IN INCHES ; CRANK (C),

R_DIUS IN INCHES

AT TORQUE OF

0 in. ib 1 40 in. ib 1 9O in. ib

3 - 6 i0 ]6

3 - 8 iO - 16 16

3 - 6 i0 !0

1i/2-41/2 41/2-71/2 41/2-71/2
3 - I0 i0 - 16 16

21/2-41/2 41/2- 71/2 41/2-71/2
3 - 6 6 - 16 i0 - 16

2 1/2 - 7 i/2 4 i/2 - 7 i/2 4 i/2 - 7 i/2

3 - 6 i0 i0 - 16

21/2- 41/2 21/2- 41/2 41/2

3 - 6 8 - 16 i0 - 16

2 i/2 - 41/2 41/2 4 I/2 - 71/2

These data were based on setting the control device in only one

revolution. For less than a 90-degree turn_ handwheels would be

more effective than cranks. (Douglas, 39)

.,, ,

42" .............. 45° -45° 90° L "_

, 40',,,/., ...... g--(,_,_O° tj _T 3936"':4 . ...... _'

DISTANCE m, l/

TO-F_OOR _ _,
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(0) Requires large amount of space for location

and operation. Generally_ in order to exploit

the advantage of the handwheel_ its radius

has to be quite large. (Helson, 37) XR-S-2

(d) The handwheel itself can be color-coded effec-

tively. The exact setting of multirotationa
handwheels is difficult to determine unless

an indicator is provided. (Hunt, 15) XR-S-2

(e) Handwheels are useful as part of a combined

control. Smaller controls can usually be

attached to its parts eg_ horn button on

steering wheel. Unless these attachments

are located in the handwheel center_ their

position may vary with the position of rota-

tion. XR-C-2

5.1.3.13.2 Displacement. - Displacement requirements for hand-

wheels associated with displays shall be determined by the desired

display ratio. A maximum displacement of 90 to 120 degrees is desir-

able. XR-C-2

5.1.3.13.3 Resistance. - Minimum resistance for handwheels will

be 5 pounds. Maximum resistance for one hand operations will be 30

pounds and will be 50 pounds for two-hand operations.

5.1.3.13.4 Other requirements.

(a) The gripping surface of the handwheel shall be

knurled or indented to provide a firm grip.

XR-C-2

(b) The handwheel shall rotate clockwise for on or

for an increase in the associated display or

controlled function and counter-clockwise for

off or for a decrease in associated display

or controlled function. The reverse is true

for handwheels associated with valves such as

fluid lines; pressure lines and reheostats.

(See Control-Display Interaction section 5.3

for details.) XR-S-2

(c) Direction of motion should be indicated on the

handwheel_ or immediately adjacent thereto_

by means of arrows and appropriate legends.

XR-A-2

@

@

@
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(d)

(e)

5.1.3.14 Levers.

Handwheel diameters shall be in accordance

with table I for optimum efficiency.

(Douglas, 39) XR-S-2

Information should be displayed either elec-

trically or mechanically to indicate the

position of the control. XR-A-2

5.1.3.14.1 Application. - Levers shall be used when large

amounts or force or displacement are required and when movement of

the control about more than one axis is required. XR-C-2

NOTE:

Levers. The amount of force that the limbs can

exert depends on two very important variables--

the position of the control relative to the body

and the type of support (back rests) given the

body. Given a back rest the limb acts as a

mechanical "toggle" with the control. This toggle

action markedly increases the exertable force and

the relationship between control and back rest is

highly critical. The toggle action stops at a

well-defined "limiting angle". For the lower limbs

it is 160 degrees while for the upper limbs it is

135 degrees. See 5.4.1 for details. (Hugh-Jones,

42; Rees, 43) XR-S-2

5.1.3.14.2 Size. Length shall be determined by the mechanical

advantage required. XR-C-2

5.1.3.14.3 Displacement. - Lever resistance requirements shall

dictate displacement with minimum resistance requiring minimum dis-

placement. Maximum fore-aft movement will be 14 inches and maximum

lateral movement using one hand shall be 30 inches, and with two

hands maximum shall be 38 inches. XR-C-2

5.1.3.14.4 Resistance. - Minimum resistance of levers will be

two pounds force. Maximum resistance requirements will be as fol-
lows:

(a)

(b)

Push-pull one-hand operations with control

along the medial plane of the body and i0

inches forward from seat reference point -

30 pounds. XR-C-2

Push-pull one-hand operations with control

along the medial plane of the body and 16 to

24 inches forward from seat reference point -

50 pounds. XR-C-2
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(0) Push-pull two-hand operations with the control

iO to 19 inches forward from seat reference

point 75 pounds. XR-C-2

(a) Right-left one-hand operations with the con-

trol i0 to 19 inches forward from seat

reference point - 20 pounds. XR-C-2

(e) Right-left two-hand operations with the con-

trol i0 to 19 inches forward from seat

reference point - 30 pounds. XR-C-2

5.1.3.14.5 Other requirements.

(a) Displacement of the lever arm will not exceed

convenient arm reach of the operator and

shall not move through an arc greater than 90

degrees in any direction. XR-C-2

(b) Long lever arms will be used for large dis-

placements. XR-C-2

(c) For making precise, continuous adjustments,

support will be provided as follows: XR-C-2

(i) Elbow support for large hand movements.

(2) Forearm support for small hand movements.

(3) Wrist support for finger movements.

(d) Lever handles should be colored to facilitate

discrimination and should be equipped with

safety locks to prevent accidental tripping

or actuation. XR-C-2

5.1.3.15 Pedals.

5.1.3.15.1 Application. - Pedals will be used when a large

amount of displacement and force are required and foot activation is

necessary.

NOTE:

Pedals. The amount of force that the limbs can

exert depends on two very important variables--

the position Of the control relative to the body

and the type of support (back rests) given the

body. Given a back rest the limb acts as a

mechanical "toggle" with the control. This toggle

action markedly increases the exertable force and

@
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the relationship between control and back rest is

highly critical. _The toggle action stops at a

well-defined "limiting angle" For the lower

limbs it is 160 degrees while for the upper limbs

it is 135 degrees. (Hugh-Jones, 42; Rees, 43)

XR-S-2

Size. -

(a)

(b)

Minimum - i by 3 inches. XR-C-2

Maximum size shall be determined by the avail-

able space and danger of accidental activation.

A£% --%,--r

Displacement. -

(a) Minimum, normal operation - 0.5 inch. XR-C-2

(b) Minimum, heavy boots - i inch. XR-C-2

(c) Maximum, ankle flexion - 2.5 inches. XR-C-2

(d) Maximum, leg movement - 7 inches. X_-C-2

Resistance. -

(a) Minimum, foot not resting on the control - 4

pounds. XR-C-2

(b) Minimum, foot resting on control - i0 pounds.

XR-C-2

(c) Maximum, ankle flexion only - 20 pounds.

XR-C-2

(d) Maximum, leg movement - 180 pounds. XR-C-2

Other requirements.

(a) Where time of actuation is important_ the

Dalcrum of the pedal shall be located under

the heel of the operator's foot. (Barnes_

44) XR-S-2

(b) Pedals shall be spring loaded to return to

neutral position when applied force is

removed. XR-C-I
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(c) Pedals shall have non-skid surfaces. XR-C-I

(d) Pedals will be located to minimize accidental

actuation. XR-C-2

5.1.4 Other controls. - The more recent and more sophisticated

types of controls have not been examined. Present literature has

lagged behind the state of the art and many control concepts are pro-

prietary designs. The designer is encouraged to use the more recent

control devices. These devices shall be designed and used following

the criteria set forth at the beginning of this section.

5.1.5 Spacing of controls.

5.1.5.1 General. - The specific recommended distance for sepa-

rating controls depends upon the tasks to be performed. XR-C-I

5.1.5.2 Spacing factors.

5.1.5.2.1 Effect accidental actuation. - Adverse effects upon

system performance by inadvertent or accidental actuation of con-

trols shall be considered. Where a problem exists, optimal spacing

shall be used. See table II. Clear labelling, increased actuation

force_ and locking devices shall also be considered. (Bradley, 24_

28, 35, 45, 46) XR-S-I

5.1.5.2.2 Hindrance by personal equipment. - Where it is neces-

sary for the operator to wear any type of clothing that might inter-

fere with manipulation of controls, extra separation shall be allot-

ted. (Bradley, 47) XR-S-2

5.1.5.2.3 Need for blind positioning. - Where a control is

operated with little or no visual aid_ spacing between controls shall

be the maximum that space will allow. (Fitts, 48, 49, 50) XR-C-I

5.1.5.2.4 Space availability and size of control. - Where space

is at a premium, small (miniature) controls which allow greater sepa-

ration shall be preferred to full size controls. (Jones, 25) See
table III. XR-S-2

5.1.5.2.5 Simultaneous use of controls. - When a series of

similar controls are to be simultaneously actuated_ the spacing

betw_en controls shall be sufficient to promote ease and speed of

operation. Sequential ordering shall be determined from task

sequence requirements. See Control-display interaction, 5.3. Care

shall be exercised to ensure clarity of labelling. XR-C-2

5.1.5.3 Optimum spacing between controls. - The values in

table II shall be used for optimum spacing. (Ely, 51) See

following note. _-S-2

@
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- optimum space

O

CONTROL

CRANKS

PUSH BUTTON

TOGGLE
SWITCH

LEVER LOCK
TOGGLE

SWITCH

KNOBS

PEDALS

MEASURE OF SEPARATION

.50"

MIN_

TYPE OF USE

ONE HAND

INDIVIDUALLY

TWO HANDS
SIMULTAN EOUSLY

ONE FINGER
IN DIVlDU ALLY

ONE FINGER

SEQUENTIALLY

DIFFERENT FINGERS

INDIVIDUALLY OR

SEQUENTIALLY

ONE FINGER
INDIVIDUALLY

ONE FINGER

SEQUENTIALLY

DIFFERENT FINGERS

INDIVIDUALLY OR

SEQUENTIALLY

FINGER AND THUMB
INDIVIDUALLY

ONE HAND

INDIVIDUALLY

TWO HANDS

SIMULTAN EOUSLY

ONE FOOT -

RANDOMLY

EDGE TO EDGE SEPARATION

DESIRABLE MINIMUM

FOR STATIONARY
SITUATION

2"

3"

.50"

.25 _'

.50"

.75"

.50 ,r

.62"

1 _,

1 ,_

3 t,

d 4"

DS"

DESIRABLE DISTANCE
FOR MOVING

VEHICLE SITUATION

5"

2 ,_

]J,

.50 _p

2f,

1"

.75"

2"

2"

5 j7

67'

10"

ONE FOOT -
RANDOMLY

It 2"

D6"

4 ,F
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Table llI.

Limited spacing between control

I

TYPE: ROLLER (CONTINUOUS)
LENGTH = 1.000

WIDTH = .375
SWEPT AREA:

BARE HAND: MAJOR AXIS" .8
MINOR AXIS ==1.8

J_ GLOVED HA ND_"

-_ _l_ _ MAJOR AXIS = 2.12
_ _ MINOR AXIS= 1.25

I

i |III
i |I 'I
I_ _J j

\ J_/."
"-k"

I

TYPE: TOGGLE SWITCH
DIAMETER= .I 25
HEIGHT == .375

SWEPT AREA:

BARE HAND: MAJOR AXIS = 1.30

MINOR AXIS = .85GLOVED HAND: MAJOR AXIS = 1.30
MINOR AXIS = .85

I i,,;5_

•_ I,/
'.._ r

0

0

BARE HAND

5o

TYPE: ROUND KNOB

DIAMETER= .125
HEIGHT ==.500

SWEPT AREA:
BARE HAND: DIA ==1.2
GLOVED HAND: DIA-- 1.4

!

!

i

\II
, t, |

- ._ r.T.._-

TYPE: ROUND KNOB
DIAMETER= .875
HEIGHT = .500

SWEPT AREA:
BARE HAND: DIA ==1.8

GLOVED HAND: DIA-- 2.4

GLOVED HAND

O



O

Limited

Table llla.

spacing between control
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O

TYPE: PUSHBUTTON

DIAMETER = .125

HE IGHT : .I 87SWEPT AREA:
BARE HAND: DIA: .65
GLOVED HAND: DIA: .85

.q

TYPE: PUSHBUTTON
DIAMETER : .500
HE IGHT : .375

SWEPT AREA:
BARE HAND: DIA:.90
GLOVED HAND: DIA:.90

I
I

h d __._ •

' ell_!

_ I U
,hu,,-

!

BARE HAND

TYPE: ROUND SELECTOR KNOB
DIAMETER: .425

HE IGHT : .625
SWEPT AREA:

BARE HAND: MAJOR AXIS: 1.2

MINOR AXIS: .9
GLOVED HAND: DIA: 1.5

,,

/,I
_. ..,_,, p.,_ =B-

TYPE: BLADE KNOB
" wlD-TH OF BLADE: .375

LENGTH : .500

_HE.!GHT : ._500 _
SWEPT AREA:

BARE HAND: DIA: 1.35
GLOVED HAND:

M/_JOR-A-XlS : 2.19
MINOR AXIS: 1.50

_.1-. \

-1-
I

GLOVED HAND
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Table lllb.

Limited spacing between control

O

TYPE' ROUND SELECTOR KNOB

DIAMETER= .62
HEIGHT = .50

SWEPT AREA:
BARE HAND: DIA = 1.40
GLOVED HAND:

MAJOR AXIS: 1.75
MINOR AXIS: 1.25

8
TYPE. HEXAGONAL KNOB

DIAMETER = .250
HEIGHT = .375

SWEPT AREA:
BARE HAND: DIA = 1.0

GLOVED HAND:

MAJOR AXIS= 1.65

MINOR AXIS : I .0

TYPE: BLADE KNOB
LENGTH -- 2.37
HEIGHT: 1.00

SWEPT AREA:
BARE HAND: DIA: 3.37
GLOVED HAND: DIA-- 3.50

J,

/

!

')

TYPE: SKIRTED KNOB

DIAMETER = .500
HEIGHT : .375

SWEPT AREA:
BARE HAND: DIA = 1.6
GLOVED HAND: DIA-- 2.0

\
I

BAREHAND_ GLOVED HAND,

O

O
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5.1.5.4 Limited space availability. - The values in table III

shall be used where space is limited. (Jones, 25) See following

note. XR-S-2

NOTE:

The spacing values in table II are derived in large
f 1 r-_part from "Layout of Workspace". _E y, p-j. Wq_ile

no formal experimental evidence is available,

general usage has shown these values to be acceptable.

Where it is possible to use full size controls and

optimum spacing, the values in table II shall be

used. When available space is limited and miniature

controls have to be used, the values in table III

controls. Adjacent controls should not be within

the swept area of one another.

5.1.5.5 Size consistency. - On any given subsystem panel, con-

trol size and control spacing will be consistent. See items 5.1.5.3

and 5.1.5.4 and Control-display interaction 5.3 for other details.

XR-C-2

5.1.5.6 Special cases.

5.1.5.6.1 Ganged controls. - To conserve space or to aid in

sequential operation, several knobs may be mounted on a concentric
shaft.

(a) Two concentric knobs shall be preferred (three

may be acceptable, but no more) because of

possible labelling difficulties and chance of
accidental actuation. XR-C-2

(h) Chances of accidental operation are increased

if either the knob diameter or thickness is

too large, too small, or differ by too small

an amount. (Bradley, 46) See figure 4.

xR-s-3

5.1.5.6.2 Groups of levers. - When a group of levers is used

simultaneously by the same hand, their maximum separation shall be

6 inches or less for the group so as to be taken into the span width

of the average hand. (Ely, 51) XR-S-3

@
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O

UNINTENTIONAL

CONTACTS

KNOB DIAMETER
TOO GREAT

UNINTENTIONAL

"_ CONTACTS

i "/ i
TOO THIN

UNINTENTIONAL
CONTACTS

KNOB HEIGHT
TOO GREAT

UNINTENTIONAL
_ CONTACTS

DIFFERENCE
TOO SMALL

0

Figure 4. Problems in using knobs on a concentric shaft

5.1.6 Control codin G .

5.1.6.1 Coding requirements. - The primary purpose of control
coding is to make controls easier to identify. The benefits gained

with proper coding_ in varying degrees_ are several: reduce the

time required to find the correct control_ minimize possible actua-

tion of wrong control_ and reduce the amount of time necessary to
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train personnel. (Ely, i) XR-S-2. Several of the most common

coding methods are enumerated in this sub-section. These methods

shall be used whenever appropriate.

5.1.6.2 Location coding. - A specific location for a specific

control type aids control identification. Consistency of location

is an important factor _n attaining standardization within a system.

(a) The most important and most frequently used con-

trols shall be located in front of the operator

at slightly below the shoulder level. (Ely, 51)

(b) Controls that serve the same f11oct_on eg, panel

on-off switch, will be located in the same rela-

tive position from panel to panel. Some

peripheral, not too often used spot such as the

lower left-hand corner of a panel is preferred.
XR-C-2

(c) Blind positioning (manipulating a control without

looking) shall be avoided unless absolutely

necessary. If used, other coding metho3s such

as shape coding shall be considered. XR-C-I

5.1.6.3 Color coding. - In general, color should not be used

as the primary method of control coding. The reason is that the

color of the control depends on the illuminant. If the intensity of

illumination is reduced or if there is some different color illumi-

nant, the color of the control changes or it" is masked. If it is

necessary to use color coding, the follcT_ing factors shall be con-
sidered:

(a) Color coding shall conform with existing standards.

See Color coding display 5.2 for other details.
XR-S-2

(b) In general, only the four discrete colors shall

be used; red, yellow_ green and white. XR-S-2

5.1.6.4 Shape coding. - Shape coding shall be used only

sparingly. Generally_ standardized knob type can be used without

any difficulty in identification. Shape coding should be used only

when ordinary means are not adequate. (Hunt, 15, 52) XR-S-2

5.1.6.4.1 Type of shape coding. - Shape coding may be visual,

tactile or a combination. Its effectiveness depends upon the ease

with which shapes can be identified. Of all the controls, knobs

55



_._SFC-STD-267A
January 31, 1966

most easily lend themselves to shape coding. Figures 5, 6, and 7
show three classes of coded shape, each designed to serve some
specific function. (Hunt, 15, 52) Classes A and B are for continu-
ous rotary, and while class C is for the discrete rotary. Seepara-
graphs 5.1.6.4.1.1 through 5.1.6.4.1.3.

5.1.6.4.1.1 Class A. - Class A (figure 5) shapes shall be

selected when: XR-S-2

(a) More than one fu_ll turn is required.

(b) Control motion is twirling or spinning.

(c) The radial position is not a source of infor-

mation.

5.1.6.4.1.2 Class B. - Class B (figure 6) shapes shall be

selected when: XR-S-2

(a) Less than one full turn is required.

(b) Control motion is other than twirling or

spinning.

(c) The radial position is not a source of infor-

mation.

5.1.6.4.1.3 Class C. - Class C (figure 7) shapes shall be

selected when: XR-S-2

(a) Less than one full turn is required.

(b) Control motion is other than twirling or

spinning.

(c) The radial position of the knob is a source

of information.

5.1.6.4.2 Selection and use of coded shapes.

When it is necessary to use shape coding, selec-

tion shall be made from that class knob that

is maximally dissimilar. (Hunt, 15; 52)

XR-S-2
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(b) Coded shapes shall be mounted and used in the

upright position relative to the operator.

The shapes lose their coded meaning in other

positions. XR-S-2

(c) Coded shapes shall not be miniaturized. The

coded meaning is lost when reduced in size.
XR-S-2

5.1.6.5 Sizing coding. - Size coding will be avoided whenever

possible. If necessary, use shall be limited to only two or three

different sized controls--small, medium and large. XR-C-2

f f

5.±.o.o Mode-of-operation coding. -Tne effectiveness of this

method is limited by three facts: (i) the operator must activate

(or try to) the control in order to identify the control, (2) the

operator must acquire experience in actual operation, and (3) other

principles of control design may easily be violated. Mode-of-

operation coding will be avoided whenever possible. If necessary,

mode-of-operation coding shall be used with caution and only after

such factors as training time, accidental actuation, etc. have been
considered. XR-C-2

5.1.7

for details.
Control movement coding. - See Control-display 5-3
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5.2 Display criteria.

5.2.1 Display design considerations. - A display is a pattern

of sensory cues, usually visual or auditory, arranged and presented

in a meaningful fashion to provide information concerning the func-

tioning of the system or any of its parts. Display systems include

such items as di_!s, cathode ray +_eo,_ _ labels, c _v_, legend

lights, and the interrelations and interaction between them. The

lack of proper display or ambiguity in display can lead to delays
or serious errors which can result in failure of the mission.

(Fitts, i; Woodson, 2) XR-S-2

(a) Man has a limited capability for information

engineer shall consider this limited memory capa-

bility in the design of displays. XR-C-I

(b) Man has limited mental capabilities, such as the

limited ability to process multiple information

concurrently and the limited ability to perform

higher order integration functions. The designer

shall consider these mental limitations in the

design of displays. XR-C-I

(c) Man has limited sensory capabilities such as visual

and hearing thresholds. The designer shall con-

sider such limitations in the design of displays.

XR-C-1

(d) The system designer is usually not the operator.

The designer shall consider the information re-

quirements needed by the operator and shall pro-

vide the displayed information in a form which

the operator can interpret easily and with a

minimum of error. XR-C-I

5.2.2 Selection and design criteria.

5.2.2.1 Ease of reading. - Displays shall be easily and quickly

read for quantitative, qualitative or status information. See

Labelling and markirg criteria 5.2.4 for further details. (Sender,

3) XR-S-2

5.2.2.2 Accuracy of reading. - Displays shall provide all nec-

essary discrimination and interpolation and be free of unnecessary

information that may unduly complicate the reading and produce dele-

terious results. For example, if a valve gauge is to be read only

to the nearest lOth, graduation markings to the 0.01 tolerance is

needless. (Sender, 3) XR-S_2
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5.2.2.3 Meaningful information form. - The displays shall pre-
sent information in an i_mediatelymeaningful and useful form with-

out requiring translation or calculation into other forms or units.

Each additional step required to get useful information increases

the probability of making errors. (Bamford, 4; Sender, 3) XR-S-2

5.2.2.4 Feedback information. - Feedback information will be

provided to inform the operator when, how much and how far to move

the control. The display shall provide true feedback of component

status. For example_ if the display is a legend indicator with the

markings "LOX Tank Valve Opened", it should be the actual talk-back

from the valve having been opened (possibly from a microswitch) not

merely that the circuit to the valve has been energized. XR-C-2

5.2.2.5 Logical display layout. - Layout of displays shall

be logical and systematic. For example, in a system objective, many

subsystems objectives have to be achieved before there is a "go"

condition. The subsystem status should not be displayed randomly

or any place where there is space. Rather they should be in a

logical pattern so as to permit the operator to become informed by

a quick scanning. See Control-display interaction 5.3 for details

on panel layout. (Sender, 3) XR-S-2

5.2.2.6 Minimum la_ in status change feedback. - Displays shall

provide the operator current information with minimum lag time. The

direction, a_r_ount and rate of change shall be recognizable_ as well

as the initiation of change per se. (Sender, 3) XR-S-2

5.2.2.7 Error free features. - Displays shall be error free.

This requirement depends upon the type of display instrument used.

Anything that is psychologically not expected or consistent, or that

which is _mbiguous, shall be avoided whenever possible. Inherent

confusion in multi-rotational and multi-pointer dials, direction of

control-display reversal_ clutter in spacing and marking are

examples. (Sender, 3) XR-S-2

5.2.2.8 Consistency of placement. - Placement of _anctional

labels and legends relating to displays shall be consistent from

panel to panel throughout the system. See Control-display inter-

action 5.3. XR-S-2

5.2.2.9 Usable within specified operating conditions. - The

display shall be usable through the entire range of anticipated

operating conditions, such as variations in illumination, tempera-

ture and vibration. Unusual conditions which may be imposed upon

the operator, such as physiological and psychological shock shall

be considered. (Sender, 3) XR-S-2

O
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5.2.2.10 Special displays. - Special displays shall not be

unnecessarily distracting. For example_ warning signals shall not

be distracting any longer than is necessary to attract attention

and to apply appropriate corrective action. (Sender, 3) XR-S-2

5.2.2.11 Failure of displays. - Displays shall have provisions

to indicate when it is not _ctioning, such as a press-to-test

feature to check. Failure of display circuitry shall not cause an

erroneous reading or cause failure in the equipment associated with

the display. (Sender, 3) XR-S-2

_._.2.__ F o_ction ±_ue±. - _isp±ays shall be f_icLionaily

labelled in terms of what is being displayed and controlled, not the

control an_ 8isp!ay itse!f_ TT__y wn_ _71 _ _n_S_S

(Baker, 5) XR-C-I For example:

Temperature
Malfunction

iNSTI_D OF Thermometer

Indicator light

5.2.2.13 Units of measurement. - In addition to the function

label, the units of measurement shall be applied when required for

viewer comprehension. For example: (Baker, 5) XR-C-I

i. Degrees

2. Feet

3 - Percent

4. Minutes

5. Psia or psig

5.2.2.14 Brevity. - The display shall have labels and units of

measurement that is as'brief as possible, but fully comprehensible

to the operator. Complete words shall be used unless space limita-

tion necessitates the use of abbreviation. (Baker, 5; Murdock, 6)
XR-C-1

5.2.2.15 Abbreviation. - Abbreviation shall be used only if

it is as easily interpretable or as c_mmon as the word itself. See

MIL-STD-12 and ANA Bulletin 261. XR-C-I

5.2.2.16 Trade marks. - Manufacturers' names, labels, trade

marks, etc, should not appear on the visible portions of the dis-

play. This applies especially to gauges and meters where space is

limited. (Baker, 5) XR-A-2
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5.2.2.17 Abstract symbols. -Abstract symbols such as the

Greek alphabet or squares will not be used. Common symbols such as

percent or plus-minus are acceptable. (Baker, 5) XR-C-2

5.2.3 Types of displays.

5.2.3.1 Transilluminated indicators. - Transilluminated indi-

cators shall be of two general types: simple-type indicators (pilot

lights, bulls-eye lights, jewel lights) and single and multiple

legend indicators.

5.2.3.1.1 Simple type indicator lights.

5.2.3.1.1.1 Application. - Simple indicator lights will be used

when design considerations preclude the use of legend lights. If

the simple indicator light cannot be identified easily by labelling

or design, then a legend light shall be used. XR-C-2

(a) Unless space prohibits, the indicator lights
shall be located above their associated

control. XR-C-2

(b) If a control position cannot be made apparent

by labelling or design_ then an indicator

light shall be used. XR-C-2

(c) The brightness of indicator lights shall be

noticeably greater than the ambient illumina-

tion level. They shall be of sufficient

contrast with their surroundings to provide

ready detection. XR-C-I

(d) A diming control shall be provided for panels

subjected to extreme variation in illumina-
tion. XR-C-I

(e) Provisions shall be made to prevent sunlight,

or other high intensity light soturces, from

making an indicating light appear illuminated.

XR-C-I

(f) The flash rate for flashing warning lights

shall be from 3 to 5 flashes per second with

on time being equal to off time. The indi-

cator shall be so designed that it glows

steadily if the flasher device fails when

energized. (Pratt, 7) XR-S-2

(g) The indicating light shall be designed for

bulb replacement from the front of the dis-

play panel_ without the use of tools. XR-C-2

@
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5.2.3.1.2.1 Application. - Legend lights shall be used in

preference to simple indicator lights unless design considerations

demand otherwise. XR-C-I

5.2.3.1.2.2 Legend light lettering.

(a) Lettering will be legible whether the display

is self illuminated or not. This does not

apply to stacked displays (one legend

stacked behind the other). XR-C-2

(b) Markings on legend plates will be a minimum

of 0./20 inch in height. Maximum height

shall be determined by the procuring activity.
XR-C-2

(c)

(d)

Lettering shall be all capitals and Gothic in

style. (Bendix, 8) See Labelling and mark-

ing criteria 5.2.4. XR-S-2

0nly horizontal lettering shall be used, and

the number of lines per legend plate shall

not exceed three. See Labelling and marking

criteria 5.2.4 and Control-display inter-

action panel layout for more details.
XR-S-2

5.2.3.1.2.3 Other considerations.

(a) Indicating lights having legend plates stacked

one behind the other shall be designed so

that the rearward legends are clearly legible

when energized. XR-C-2

(b) The rearward legend plates on stacked multi-

pie-legend lights shall be placed so

that the entire legend is observable within

15 degrees to each side of the normal line

of sight. XR-C-2

(e) Legend plates on multiple-legend indicating

lights shall be equal in brightness. Rear-

ward legends on stacked displays shall have

contrast (between the legend and its back-

ground) that is equal to the front legends.

XR-C-2

@
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5.2.3.1.3 Master lights. - Master caution, master warning, and

summation lights used to indicate the condition of an entire sub-

system shall be set apart from the lights which sh_w the status of

the subsystem component. This may be accomplished by using a larger

size light, positioned coding, or other visual aids. (Siegel, 9)

XR-S-2

5.2.3.1.4 Critical indicator location. - For critical func-

tions, indicators shall be located within 30 degrees of the operator's

normal line of sight. (Enoch, i0; Anderson, ii) XR-S-2

5.2.3.1.5 Brightness. - See Illumination 5.6 for details.

5.2.3.1.6 Coding. - See Coding 5.2.5.

5.2.3.2 Scale indicators.

5.2.3.2.1 Application. - Scale indicators shall be used to

display qualitative or quantitative information in combination with
trend and direction of motion information. Scale indicators shall

also be used when quantitative information is to be displayed, and

when the speed and accuracy of response requirements do not dictate

the use of printers or counters. XR-A-2

5.2.3.2.2 Color banding (zone marking). - Color marking

(banding) sh_id be used to facilitate the scale indicator reading

where quantitative values fall within an expected range. XR-C-2

(a) Color banding shall be used only for a limited

number of critical instruments. XR-C-2

(b) Color banding shall be used only when the

instrument (dial) is white light illuminated.

XR-C-2

(c) If banding is required under non-white illumina-

tion, a chromatic shading (eg, hash markings)

may be used. (Smith, 12, 13) See figure 8.

XR-S-2

(d) For extremely critical functions, eg, over pres-

surization, a warning light will be provided in

association with banding (critical zone).

XR-C-2

(e) Color banding shall indicate various operating

conditions, eg, red is danger, yellow is cau-

tion and green is normal. See Color coding

5.2.5.2 for details. XR-S-2

@
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Figure 8. Example of dial banding (zone marking)

5.2.3.2.3 Scale design. - Scale design shall be in accordance

with the following requirements. See Labelling 5.2.4 for other

details.

(a) Magnitude of scale values shall increase clock-

wise, from left to right, or from bottom to

top. See Control-display interaction 5-3 for

other details. XR-S-2

(b) The number of minor graduation marks within the

major scale intervals shall be nine or less.

(Kappauf, 14, 15) See Labelling 5.2.4.6
XR-S-2

(c) On moving scales all numerals shall have verti-

cal orientation at the reading position.

(Mengelkoch, 16, 17, 18) XR-S-2
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Numerals and graduation marks shall be black
on white background or white on black back-
ground except where it is necessary to
distinguish one scale from multiple scales
or a portion of one scale on a single indi-
cator. In such cases, the background maybe
color coded. See Labelling 5.2.4 and Color
coding 5.2.3.2.2.

(e) Scale graduation. - See Labelling 5.2.4.6.

5.2.3.2.4 Pointer design.

(a) The pointer tip shall extend to, but not over-

lap, the inde_ or graduation marks. (Lee, 19;

Morgan, 20; Woodson, 2)

(b) The width of the pointer tip shall be the same

as the finest graduation marking. (Kappauf,

14, 15) XR-S-3

(o) Except for special cases, the entire length of

the pointer shall be the same color as the

scale marking. (Loucks, 21) XR-S-3

(4) The pointer shall be as close to the scale

surface as possible to minimize parallax.

(Morgan, 20; Woodson, 2) XR-S-2

(e) The pointer design shall be simple, eg, shafted

and V-shaped are better than the heart-shaped

pointer. (Bartlett 22; White 23) See figure

9. xR-s-2

5.2.3.2.5 Types of scale indicators. - See table IV for sum-

mary of usage. (Christensen, 24, 25; Cohen, 26; Connell, 27; Elkin,

28; Thomas, 29; Warrick, 30; White, 23) See Control-display inter-

action 5-3 for _rther details.

5.2.3.2.5.1 Circular fixed scale (moving pointer). - A circular

fixed scale with a moving pointer is preferred for most applications

requiring scale indicators and will be used when applicable. Specif-

ic design requirements shall be as follows: See Control-display
interaction 5.3 for further details.

O

O
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GOOD POOR

Figure 9. Pointer design

(a)

(b)

(c)

In cases where positive and negative values are

being displayed on the same circular scale,
the zero shall be located at the 12 o'clock

position (preferred) or the 9 o'clock posi-

tion. The positive values shall increase with

clockwise movement of the pointer, and the

negative values shall increase with counter-

clockwise movement. XR-S-2

Clockwise movement of the pointer shall result

from clockwise movement of the associated

rotary control or movement forward, upward_ or

to the right of an associated lever or switch.

XR-S-2

Counterclockwise movement of the pointer shall

result from counterclockwise movement of the

associated rotary control or movement back-

ward, downward, or to the left of an associated

lever or switch. XR-S-2
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Table IV.

Recommended indicators according to use

O

,

METHOD
OF USE

QUANTITATIVE
READING

OUALITATIVE
AND CHECK
READING

SETTING

COMMENTS

FAIR

GOOD

MOVINGPOINTER

@
@

LOCATION OF POINTER
EASILY DETECTED.
NUMBERSAND SCALE
NEEDNOT BE READ.
CHANGEIN POSITION
EASILY DETECTED.
EASYFOR REQUIRED
CHECK READING.

GOOD

SIMPLEAND DIRECT
RELATION OF POINTER
MOTIONTO MOTIONOF
SETTING KNOB.
POINTER POSITION
CHANGEAIDS MONITOR-
ING.

REQUIRESGREATEST
EXPOSEDAREA ON
PANEL. SCALE
LENGTH LIMITED
UNLESSMULTIPLE
POINTERSARE USED.

MOVINGSCALE

FAIR

POOR

DIFFICULT TO JUDGE
DIRECTION AND MAG-
NITUDE OF DEVIATION
WITHOUTREADING
NUMBERSAND SCALE.

FAIR

SOMEWHATAMBIGUOUS
RELATION TO MOTION
OF SETTING KNOB.
NO POINTER POSITION
CHANGETO AID MONI-
TORING. NOT READ-
ABLE DURINGRAPID
SETTING.

OFFERS SAVINGOF
PANEL SPACE. ONLY
SMALL SECTIONOF
SCALE NEED BE EX-
POSED. LONG SCALE
POSSIBLE BY USE OF
TAPE.

GOOD

COUNTER

MINIMUMTIME AND
ERRORIN OBTAINING
EXACT NUMERICAL
VALUE.

POOR

NUMBERSMUST BE
READ POSITION
CHANGESNOT EASILY
DETECTED.

GOOD

MOSTACCURATE
MONITORINGOF
NUMERICAL SETTING
KNOB. LESS DIRECT
THAN FOR MOVING
POINTER. NOT READ
DURINGRAPID SET-
TING.

MOST ECONOMICALOF
SPACE SCALE LENGTH
LIMITED ONLY BY
NUMBEROF COUNTER
DRUMS.

0
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(d) There shall be a break between the two ends of

the scale. The break should be at least 1.5

times the width of the major scale intervals

except on multi-revolution instruments such

as the clock. XR-C-2

(e) Numerals shall be placed outside of the scale

graduation marks unless such placement neces-

sitates constriction of the scale. Where

space is limited, the numerals may be placed

inside the scale graduation marks. XR-S-3

5.2.3.2.5.2 Fixed scale (moving pointer). - The fixed scale

w±bn moving pu±moer _m_y oe either vertical or horizontal. Specific

design requirements shall be as follows: See Control-display inter-

action 5-3 for further details.

(a) Magnitude of scale reading shall increase

with movement of the pointer upward or to

the right. XR-S-2

(b) When positive and negative values are to be

displayed on the same scale, the positive

values shall increase with movement of the

pointer upward or to the right, and negative

values shall increase with movement of the

pointer downward or to the left. XR-S-2

(c) Movement of the pointer upward or to the

right shall result from the clockwise move-

ment of an associated rotary control or

movement forward, upward or to the right of

an associated lever or switch. Movement of

the pointer downward or to the left shall

result from the counterclockwise movement of

an associated rotary control or movement

backward, downward, or to the left of an

associated lever or switch. XR-S-2

(d) Scale numbers shall be placed on the side of

the graduation marks away from the pointer

and shall be located at the right of vertical
scales and at the bottom of horizontal

scales. XR-C-3

5.2-3.2.5.3 Circular moving scale (fixed pointer). - The cir-

cular moving scale with fixed pointer is not recommended for general

use and shall not be used without approval of the procuring activity.

The following requirements shall apply if this design is utilized:

See Control-display interaction 5.3 for further details. XR-S-2
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(a) If the associated control has a direct effect

on behavior of the equiPment being control-

led_ the scale shall rotate counterclockwise

with clockwise movement of an associated

rotary control or movement forward_ upward_

or to the right of a lever or switch. XR-C-2

(b) If the associated control has no direct ef-

fect on the behavior of the equipment being

controlled_ the scale and its associated

rotary control shall rotate counterclock-

wise. XR-C-2

(c)

(d)

The pointer or lubber line position shall be

at 12 o'clock for right-left directional

information and at 9 o'clock for up-down in-

formation. For quantitative information

either position may be used. XR-S-2

If the display is to be used for setting

purposes_ the unused portion of the scale

shall be covered. The open window of the

scale shall be large enough to permit at

least one numbered graduation mark to

appear at each side of any selected setting.

XR-C-2

5.2.3.2.5.4 Straight moving scale (fixed pointer). - The

straight moving scale with fixed pointer is not recommended for

general use and shall not be used without approval of the procuring

activity. The following requirements shall apply if this design is

utilized. See Control-display interaction 5-3 for further details.

XR-S-2

(a) The pointer shall be located on the right

side of vertical scales or at the bottom of

horizontal scales. XR-C-2

(b) The scale numbers shall be placed on the side

of the graduation marks opposite the pointer.

XR-C-2

(c) The direction of motion relationship between

the display and the associated controls_

levers_ or switches shall be the same as for

the circular moving scale with fixed pointer.

XR-S-2

O
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5.2.3.3 Digital readout indicators.

5.2.3.3.1 &pplication. - Digital readout indicators shall be

used when precise quantitative information is required. Where pre-

cise quantitative information is not required_ circular or linear

fixed scale shall be used. See 5.2.3.2.5.1 and 5.2.3.2.5.2. Digi-

tal readout indicators require very little searching interpretation

such as in pointer scale relationship and can be read rapidly and

precisely. There are several kinds of digital readout indicators.

XR-C-2

5.2.3- 3.2. i Design requirements.

(a) The numerals shall change by snap action.

XR-C-2

(b) Numerals shall have a height to width ratio

of 1.5 to i, and space between the numerals
shall be not more than half the numeral width.

See Labelling 5.2.4 for details. XR-S-3

(c) Counters shall have white numerals on a

lusterless black background. See Legibility

under 5.2.4.4. XR-A-3

(a) Counters shall be mounted to maximize viewing

angle and minimize parallax and shadows.

XR-C-2

(e) Counters shall be mounted horizontally. See

5.2.4.3 and Control-display interaction 5.3

for details. XR-S-2

Counters used to indicate sequencing of equip-

ment shall be designed with automatic or

manual change controls for resetting. XR-C-2

(g) The manual reset knob shall require clockwise

rotation for resetting or increasing the

counter indication. See Control-display in-

teraction 5-3 for details. XR-S-2

5.2.3.3.3 Other type indicators. - There are other types of

indicators that have gained wide use by the industry. Several types

are listed bel_. Each has its desirable and undesirable features;

they shall be considered in the selection of digital readout dis-

plays (Fried_31; Lincoln, 32; Wo_dson, 2)
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(a) Rear projection type. Different character con-

figuration can be employed_ thus allowing for

optimization. In viewing distance and view-

ing angle_ this type is superior to most other

types of indicators. Large mounting area is

required_ especially if used in multiple.

Character heights to about 3 3/4 inches are

available; larger ones could easily be devised.

Response rate depends on switching. See figure

i0. XR-C-2

O

LIGHT MASK

-
PROJECTION LENS-- _ _

VIEWING SCREEN

Figure i0. Rear projection type indicator

(b) Edge-lighted type. - Character configuration

is reasonably good; viewing angle is limited

due to the tunnel effect of the stacked

plates. Primary disadvantages are: ambient

illumination should be relatively low to main-

tain good contrast; and viewing distance is

limited to about 30 feet, although greater

distances could be obtained with special en-

graving techniques. See figure ii. XR-C-2
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TRANSPARENT

PLASTIC PLATES

_^rv ENGRAVED

SELECTIVELY

EDGE-LIGHTED

Figure ii. Edge-lighted type indicator

@
(c) Electronic re_ister-tubes. - Characteristics

are similar to the edge-lighted displays.

These neon glow displays are good to many

hours and can be read up to 30 feet and 12_0

degree cone. A response rate as low as i0

microseconds is possible. Care must be taken

to shield the tube from ambient light to

avoid spectral reflection from the curved

surface of the tube. In the case of compon-

ent failure, it is difficult to identify

number. See figure 12. XR-C-2

I

Figure 12_. Electronic register tubes indicator

89



MSFC-STD-267A

January 31, 1966

Matrix displays. - A variety of displays are

available which form characters from prepared

matrices. Some use lamps banked in mosaic

patterns; others use electro-luminescent sec-

tions to build up a given character. In

general_ all such displays suffer in terms of

character legibility. Legibility require-

ments shall be considered before using. In

the case of component failure_ it is difficult

to identify number. See figure 13. XR-C-2

O

!V
i

Figure 13. Matrix display indicator

9

8

7

6

5

4

3

2

1

(e)

'To
9

8

7

6

5

4

3

2

1

Figure 14.

Decimal arrays. - Not generally recommended_

awing to reading difficulty and potential

transposition error by the observer. See

figure 14. XR-C-2

"7' "7"
9 9 9

8 8 8

7 7 7

6 6 6

5 5 5

4 4 4 65392?

3 3 3

2 2 2

1 1 1

Decimal array indicator
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5.2.3.4 Printers.

5.2.3.4.1 Application. - Printers shall be used when a per-

manent record of quantitative data is desired. XR-C-2

5.2.3.4.2 Design requirements.

(a) Where quantitative data must be immediately

used, printed information shall be presented

in a direct usable form with no requirement

for conversion, transformation, or decoding.
X_-C-2

(b)
easy insertion and removal of printing mate-
rials. XR-C-2

(e) Positive indication shall be given of the re-

maining supply of printing material (paper,
ink). XR-C-2

(d) There shall be provisions for efficient take-up

_d temporary storage of the printed material.
_-C-2

(e) If an operator is required to write on the paper

while on the printer, access openings shall be

provided. XR-C-2

5.2.3.5 Plotters.

5.2.3.5.1 Application. - Plotters shall be used to permanently

record desired graphic data. XR-C-2

5.2.3.5.2 Design requirements.

(a) The plotting point and trace shall be readily

visible to the operator with adequate con-

trast between the trace and its background.
XR-C-2

(b) When interpretation of graphic data is required,

adequate instructions and aids shall be pro-
vided. XR-C-2

(e) Provisions shall be made for efficient take-up

and temporary storage of the printed material.
XR-C-2
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5.2.3.6 Time displays.

5.2.3.6.1 Application. - Visual time displays shall be used

when an operator is required to use time as a basis for decision or

action. XR-C-2

5.2.3.6.2 Design requirements.

(a) Time shall be displayed in a form appropriate

to the application, such as elapsed time or

time to go, and appropriately labelled.

XR-C-2

(b) Rapid reset capability should be provided.

XR-C-2

(0) When two or more time displays are required

for the same application_ the designs shall

be consistent. (Sender, 3) XR-S-2

5.2.3.7 Cathode ray tubes.

5.2.3.7.1 Application. - Cathode ray tubes or scopes are used

for presenting information electronically, usually real time data.

XR-C-2

5.2.3.7.2 Design requirements.

(a) The display shall resolve as much detail as is

required for adequate interpretation of the

displayed information. (Bowen, 33) XR-C-2

(b) The brightness contrast relationship between

the signal and background shall be sufficiently

high to afford good visibility. (Bowen, 33)

See Illumination 5.6. XR-S-2

(0) The design of scales and other quantitative data

from the display should be such as to maximize

accuracy and speed. XR-C-2

(a) If information is to be coded_ the coding method

shall provide a display that is easily inter-

preted. (Bawen, 33) XR-S-2

5.2.3.8 Other display types. - The more recent and more sophis-

ticated types of displays have not been examined. Present literature

has lagged behind the state of the art and many display concepts are

proprietary designs. The designer is encouraged to use the more

@

@
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recent display devices. These devices shall be designed and used

following the criteria set forth at the beginning of the section.

A partial list of recent display systems that can be used are:

(a) Electroluminescence

(b) Three dimensional

(c) Predictor analog

(d) Predictor instruments

(e) Multi-functional

5.2.4 Labellin_ and marking criteria. - The effectiveness of

controls and displays and their interaction depend in a large part

upon proper labelling and marking. The following criteria shall be
used:

5.2.4.1 Labellin_ association. - Labels shall be centered

immediately above their associated controls so they cannot be disas-

sociated. See Panel label 5.2.4.5 and Control-display interaction
5-3 for further details. XR-S-2

5.2.4.2 Label spacing. - Labels shall be spaced so that the

panel will not appear cluttered. XR-C-2

NOTE:

The importance of an uncluttered panel is not merely

that clutter detracts from the "look"; clutter adds

confusion. Appropriate spacing (through proper

selection of words, proper layout of components_
etc.) minimizes possible confusion.

5.2.4.3 Label orientation. - Labels shall read horizontally

and be oriented to read from left to right. XR-S-2

NOTE:

Culturally we have been taught to read from left to

righb in a horizontal sequence. This is the dominant

orientation to all types of reading. Studies have

shown that, compared to the vertical orientation_ the

horizontal orientation is more readily perceived and

is easier to read. This orientation becomes more

deeply developed as one becomes more educated.

(Foley_ 34; Forgay_ 35; Heron_ 36; Kimur_ 37; Lincoln_

38; Miskin, 39; Schackel, 40; Thomas, 41) Vertical

reading has been found to be about 50 per cent slower

th_n horizontal. While there was improvement with
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practice for the vertical reading, the proficiency
of horizontal reading was never achieved. (Tinker,
42) Vertical orientation maybe used only in
special cases such as when space restriction does
not permit horizontal labelling. (Kearns, 43)

5.2.4.4 Label readability and legibility. - Labels shall be

readable. The following shall apply for optimum readability.

(a) Spacing between words shall be one letter width

(M or W). XR-A-2

(b) The space between the bottom of a line of letter-

ing and the top of the next line shall be a

minimum 75 percent of letter height. XR-A-2

(c) Arabic numerals shall be preferred over Roman

numerals. (Perry, 44) XR-S-2

(d) Labels shall be located on surfaces parallel to

the viewer whenever possible. If slanting sur-

face is required, it shall be less than 45

degrees away from the viewer. (Tinker, 45, 46)

XR-S-2

(e) Upper case (capital) letters shall be used for

panel lables. (Tinker, 47) XR-S-2

(f) Styles of letter characters shall be simple and

unadorned. (Bendix, 8; Breland, 48; Crook, 49,

50; Forbes, 51; Preston, 52; Sanford, 53;

Schaprio, 54) )Oq-S-2

(g) Letters shall be black on a light background

(preferred) or white on a dark background (less

preferred). Whichever method is used, it shall

be used consistently. This does not hold for

emergency indicators. For criteria on glare,

see 5.6.1.4 (Berger, 55, 56; Holmes, 57;

Paterson, 58; Saul, 59; S_muner, 60; Taylor, 61;

Tinker, 62, 63) XR-S-2

(h) The labels on panels shall be of uniform stroke

width. (Bendix, 8) XR-S-2

(i) Illumination shall be adequate for optimum read-

ability and legibility. (Kuntz, 64) XR-S-2

@
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5.2.4.5 Panel labelling. - Panel labelling criteria shall be

as foll_s :

5.2.4.5.1 Label size. - Size of panel label shall be as in

table V. (Bendix, 8; Berger, 55, 56; Gls_nville, 65) XR-S-3

Table V.

Psunel label size

Purpose Nominal height Nominal width

P_nel title

S_£odivision or functional

group title

Position of control and

single control title

Legend and light indicator

1/4 _ 1/64 inches

3/16 + 1/64 inches

i/8 Z 1/64 inches

i/8 2 1/64 inches

all 1:5

ratio to height

5.2.4.5.2 Panel label style. - Style of labels shall be uniform

for the system. It shall be simple and unadorned. The modern Gothic

style is suitable. (Gothic is defined as any character which is of

uniform stroke width and the stroke terminates without decoration or

e_oellisb_ments called "serif"). (Bendix, 8) See 5.2.4.4 for other

details. _LR-S-2

5.2.4.5.3 Panel label placement. - The placement of psunel label

shall conform to placement sho_n in figure 15. XR-A-2

5.2.4.5.4 Functional group title. - Fu_ctiona! group title

positioning shall consider the foll_¢ing factors: See figure 15.

(a) Controls and displays which are fu_ctionally

gr_aped together shal_l have a group title.

_2_-C-2

(b) The group title shall be placed centrally above

the control and display group. XR-C-2

(c) Bracketing shall be used when it clearly iden-

tifies a subsystem unit. See fixate 16. _LR-C-2
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Figure 16. Functional group title and bracketing
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5.2.4.6 Marking criteria.

5.2.4.6.1 Application. - Markings, such as the graduation

marks on scales and dials, shall comply with the following criteria:

5.2.4.6.2 Graduation mark dimension. - Dimension of graduation

marks shall be as specified in figure 17. These figures are relative

proportions with an assumed viewing distance of 28 inches. For other

viewing distances the dimension shall be x/28 multiple of those

values. (X equals distance in inches) (Baker_ 5; Ely, 66) XR-S-2

5.2.4.6.3 Numerical progression markings. - Certain combina-
tion of graduation intervals and numbering are better than others.

Numerical graduation shall comply with the recommendations found in

table VI. (Barber, 67; Chapanis, 68; Churchill, 69; Coon_u, 70;
Grether, 71, 72; Vernon, 73) )2R-S-2

5-2-5 Display coding.

5.2.5.1 Display coding requirements. - Displays, as well as

controls_ may be coded in certain situations for ease of identifica-
tion. XR-C-2

5-2.5-2 Color coding.

5.2.5.2.1 Color coding requirements. - The use of color for

coding displays has both advantages and disadvantages. (Conover,
74; Green, 75; Jones, 76) XR-S-2
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.025"
]

.03_

.22

2_

*BLACK ON WHITE

.015"
I

.025

"-'1 0.07 -_- MIN SEP

.020*
I

.030

0000
NOTE: THESE DIMENSIONSAPPLY TO ALL MARKINGS,BLACK ON WHITE OR WHITE ON BLACK,

EXCEPT AS INDICATED BY ASTERISKS.

Figure 17. Graduation mark dimension

O

Table VI.

Scale numerical progression

2 3 4 5

5 io 15 2o 25

i0 20 30 40 50

5o io0 150 2oo 25o

i00 200 300 400 500

Good Fair Not Acceptable

i o 2.5 5 7.5

4 8 12 i6

o 15 30 45

2 4 6 8 io

2o 4o 6o 8o lOO

2oo 4oo 6oo 8oo iooo

30 60 90 12o

o 6o 12o 18o

O

5.2.5.2.1.1 Advantages of use.

(a) In certain situations (railroad signals, air-

port signals, etc), color is the most practi-

cal means for encoding information. (Jones,
76) XIR-S-2

0
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(b) The attention-getting value of color as a

coding symbol is widely recognized (eg, the

use of red for emergency indication.)

(Jones, 76) XR-S-2

(c) The use of color in coding provides an addi-

tional ..................._]_ens_on for the pre_enuau±u_ u_

information. (Jones, 76) XR-S-2

(d) 'Fne awareness of color is an experience com-

mon to all color-normal individuals. Color

recognition does not require additional

training for the operator. (Jones, 76)

(e) Self-luminous colors (lights, excited

phosphors) can be utilized under a wide

range of amoient lighting conditions.

(Jones, 76) XR-S-2

5.2.5.2.1.2 Disadvantages of use.

(a) _q_e average color-normal person can discriminate

only about nine hues of surface colors on an

absolute basis under favorable conditions, even

fewer under unfavorable conditions. (Jones,

76) XR-S-2

(b) Some people are color-defective; about 8 per-

cent of males, and 0.4 percent of females.

(Jones, 76) XR-S-2

(c) Color discrimination is seriously degraded when

surface colors (produced by paints or dyes)

are viewed under highly c.hromatic light

sources. (Jones, 76) XR-S-2

(d) _Jen after the recent advent of colored phos-

phors for use on cathode ray tuoes, the pro-

duction of satisfactory colored symbols of

electronic means in video displays still

presents serious tec_hnical problems. (Jones_

76) _-S-2

(e) Character and stability of the visual environ-

ment (of the display) is difficult to create

and control. Color judgments a_e influenced

by many aspects of the surrounding conditions.

Homogeneity of backgroud, color and intensity
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of adjacent areas, differences between expected
and actual illumination, perceived location of
color relative to its surrounds, and the visual
impression that the color is abstract or at-
tached to an object are examples of these
factors. (Jones, 76) XR-S-2

All color coding methods present practical
problems in maintenance. Surface colors have
a tendency to fade with age. Surface colors
must be kept clean and care must be taken to
present the colored symbols under appropriate
viewing conditions. Signal lenses may crack
or becomeobscured by dirt. Electronically
generated color symbols are subject to distor-
tion and (colored) noise burst. (Jones, 76)
XR-S-2

5.2.5.2.2 Number of available colors. - When color coding is

used, it shall optimally be limited to four colors--red, amber (yel-

low), green, and white. If other colors are necessary_ blue and

purple may be used but precaution shall be taken to insure that no

confusion exists with the other colors. (Halsey, 77, 78, 79; Reed,

80_ Smith_ 81) XR-S-I

5.2.5.2.3 Color meaning. - When the four colors are used for

color coding, they shall have the meanings as listed in table VII.

These colors have generally been accepted to have the indicated mean-

ings by the public as well as the United States Railway System and

the American Standard Association. Other colors_ such as blue and

orange_ may be used only when approved by the contracting agency.

(American Standard Association_ 82) X_-S-2

5.2.5.2.4. Color aid in display search. - In addition to the

color coding as stated above, these colors may also provide aid in

visual search. (Green, 75; Smith, 12__ 13) They shall be used when

the situation is appropriate. XR-S-2

5.2.5.3 Position coding. - Consistency on locating display

shall be used wherever possible as an aid to display identification.

See Control-display interaction 5.3 for details. XR-S-2

5.2.5.4 Shape coding. - Shape coding shall not be used for

display coding except in special cases. The research on shape has

been inconclusive and not generalizable.

O
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COLOR OPERATOR RESPONSE MK&NING

IDENTIFICATION

RED

IDENTIFICATION

AMBER

(YELLOW)

OPERATOR SHOULD ADOPT

SOME ABNORMAL PROCEDURE

OR INITIATE REMEDIAL

EMERGENCY ACTION.

IMMED_TEACTION

REQUIRED

IDENTIFICATION

GREEN

IDENTIFICATION

LUNAR -WHITE

OPERATOR SHOULD MONITOR

IN PREPARATION TO ADOPT-

ING AN ABNORMAL PROCEUDRE

OR REMEDIAL ACTION.

(IMMEDIATE ACTION MAY BE

NECESSARY.)

OIERATOR SHOULD CONTINUE

NORMAL MONITORING AND/OR
NORMAL OPERATING

PROCEDURES

AWARENESS OF FUNCTIONAL

CONDITIONS

NO ACTION REQUIRED

DANGER.

KILLER WARNING (PERSON-
NEL OR EQUIPMENT)

MASTER SUMMATION (SYS-

TEM OR SUBSYSTEM)

MALFUNCTION, ACTION,

STOPPED, FAILURE, STOP

ACTION

EXTREME CAUTION (IM-

PENDING DANGER)

TECHNICAL HOLD, OR

CONTROLLED TEMPORARY

INTERRUPTION

MASTER SUMMATION (SYS-

TEM OR SUBSYSTEM)

GO AHEAD, IN TOLERANCE

ACCEPTABLE, READY,

NORMAL

FUNCTION, PHYSICAL

POSITION, OR ACTION

IN PROGRESS

DOUGLAS DWG IA02680
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5-3 Control-display interaction.

5.3.1 Control-display relationship: panel layout.

5.3.2 General requirements. - Design of a panel layout is more

complex than just arrangement of selected displays and controls on

a panel face. There are interactions between controls __nd displays

and interactions with the operator(s). (Knowles, i) Consideration

must be given to the operator's perceptual (visual, auditory, tactual

and kinesthetic) skills and the operator's motor (muscular activi-

ties) skills. An operator's integrated task performance is not pre-

__= fr_ _w_B_ _± _.-_ _±l_-_-_s_ _o±±-ty. knumphries, 2;

Smith, 3) Ease of operation shall be a foremost design consideration

of panel layout. XR-S-2

5.3- 3- Panel layout criteria.

5-3-3.1 Function and efficiency. - Functional and efficiency

considerations shall be of more importance than esthetic considera-

tions in panel design and layout. XR-C-2

5.3.3.2 Consistency. - Layout and relationship of controls and

displays shall be consistent from panel to panel within the limits

imposed by the requirements of each panel. (Murray, 4) XR-S-2

5-3.3.2.1 Display location. - Displays shall be placed above

their associated controls. Where it is not possible to locate dis-

plays above their associated controls, the displays should be

located below or to the side in a consistent manner. Markings shall

be provided to clearly indicate which display or label is associated

with the particular control. Prior to locating a display in a place

other than directly above the associated control, the following

inherent disadvantages of other placements shall be considered.

(Andreas, 5; Mitchell, 6). XR-S-2

5.3.3.2.1.1 _Ambiguity. - A possible lay_]t for left and right

hand control is shown in figure 18. Because there are only two

groups the association is not ambiguous. Ambiguity would exist if

there were many such groups or if there were no clearcut distinc-

tion between left or right handed operation. (Andreas, 5; Mitchell,

6) xm-s-2

5.3.3.2.1.2 Blocking. - Displays located below their associated

controls are more likely to be blocked.

(a) If the label or display was placed below the

component (eg, control), the hand manipulating

the control obscures the label or display.
XR-C-2
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O

O O
O O

UNAMBIGUOUS

(BEST)

0 0 0 0
UNAMBIGUOUS
(ACCEPTABLE IF BLOCKING OF
DISPLAY DOESNOT TAKE PLACE
WHEN OPERATING CONTROL)

O

O _?'"-_ O
O O

AMBIGUOUS
(ACCEPTABLE ONLY UNDER SPECIAL
CIRCUMSTANCESAND WITHAPPRO-
PRIATE DEVICES TO REDUCE ERROR-
SUCHAS LABELS, LINES, COLOR, ETC.)

O

NOTE:

DISPLAYSSHALL BE PLACED ABOVE THEIR CONTROL. FOR EXAMPLE, FIGURE 18
SHOWSA POSSIBLELAYOUT FOR LEFT AND RIGHT HAND CONTROL. BECAUSE

THERE ARE ONLY TWOGROUPS,THE ASSOCIATIONIS NOT AMBIGUOUS. (ANDREAS,
5;MITCHEL, 6) AMBIGUITY WOULDEXIST IF THERE WEREMANY SUCHGROUPSOR
IF THERE WERENOCLEARCUT DISTINCTION BETWEEN LEFT OR RIGHT HANDED
OPERATOR. XR-S-1

Figulre 18. Inconsistency of control-display relationship
O
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(b) Most racks are about 7 1/2 feet high. This

means that for the standing operator there

is only a small portion of the rack above

the average eye level while the greater part

is below. Often there are many controls and

displays located in the lower portion due to

o_=_ re_r_c_n. ±h_ being the cases_

there is a greater chance of labels or dis-

plays being obstructed from view if labels

or displays are located below the camponents.

See figure 19. XR-C-2

II
I/
I

I

SMALL

BLOCKING

LARGE

BLOCKING

Figure 19. Possible blocking of label or display by components
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(c) Console operators are usually seated when

they operate components mounted on a slanted

surface. Hence the panel is viewed at an

oblique angle. Be sure projecting compon-

ents do not block labelling or displays due

to the oblique angle. Locate the labelling

or displays high enough above the components

so they can be seen but not so high as to be

disassociated. See figure 20. XR-C-2

_ LARGE

•--_ \ BLOCKING

\" J A

\

@

Figure 20. Display and label blocking considerations for

seated operator

5.3.3.2.2 Relative positions. - Specific control and display

types shall be located in the relatively same position from panel to

panel within the system.

(a) Panel power switch shall be located on the

lower left-hand corner of the panel. XR-A-2

(b) Emergency controls and displays shall be con-

spicuously but not obtrusively located. XR-C-2

(c) An area of emergency or extremely critical

operation shall be distinguished by a 3/16-

inch red line. XR-A-2
@
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5.3-3-3 Control and display relationship. - Relation of a

control with its display shall be immediately apparent, eg, by virtue

of approximity, grouping, coding, framing and labelling. (Boring,
7; Woodworth, 8) XR-S-2

5.3-3.4 Functional grouping.

(a) Sequential grouping shall be used within fum_c-

tional groups when appropriate. (See Sequential

grouping 5-3-3-5 bel_.) (Sender, 9) XR-S-2

(b) Controls and displays used together in a specific

task, identical in function, or related to one

__ _ _j_ component _±-_-_ be p_---_...._._---
a functional grouping. XR-C-2

(c) Controls and displays shall be placed close to

other controls and displays within the func-

tional group so that the relationship is apparent

to the operator. (Boring, 7; Woodworth, 8)
XR-S-2

(d) Bracketing shall be used to minimize labelling and

to aid the forming of a functional group. See

figure 21. XR-C-2

(e) The general name of the group shall be centered

within the bracket above the group of controls

and displays. See figure 21. XR-C-2

XYAB XYCD XYEF XYGH

0000
0 0 0 0

I XY I
AB CD EF GH

0000
0 0 0 0

Figure 21. Example of bracketing
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5-3.3.5 Sequential grouping. - Sequential grouping shall be

used when the system operations require continuity, connection and

order. Requirements for sequential grouping shall be as follows:
XR-S -2

(a) Experimental evidence indicates the continuity

between control and displays leads to optimum

performance. The order of arrangement is also

an important factor. The pattern of detection

for a panel surface and the scanning habits are

highly related to previously learned reading

habits. That is, for the Western culture, it

is from left to right. This habit is more de-

veloped as one is better educated. (Forgays,

i0; Heron, ii; Kimura, 12; Lincoln, 13; Miskin,

14; Murray, 15; Sender, 9; Shackel, 16; Tinker,

17)

(b) The sequential order shall be from left to right

in horizontal rows and top to bottom in vertical
columns. XR-S-2

(c) If vertical arrangement is necessary, the orien-

tation shall be from top to bottom. XR-S-2

(d) If required, block diagraming will be used.

_-C-2

(e) If required, links between events will be

schematized by black lines. XR-C-2

(f) Primary flow lines shall be distinguished by

lines 0.062 inch wide. XR-A-2

(g) Secondary lines shall be distinguished by lines

0.O31 inch wide. Arrows shall be used to indi-

cate direction of flow. XR-A-2

5.3.3.6 Examples of simple panel layout arrangement. - The follow-

ing show some typical and possible panel arrangements. These con-

figurational concepts shall be used whenever possible within the

limits of other design considerations.

(a) Controls directly beneath its associated display.

(Ely, 18) See figure 22. XR-C-2

O
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I 2

0 0
O O
S 4

O O

Figure 22. Controls bene._h associated display

@

(b)

See figure 23.

I

S

1 3

©©
Figure 23.

All displays located in the upper portion of the

panel and all controls in the l_er. (Ely, 18)
XR-C-2

2

@
4

@
2 4

©O
Controls located in different portion of

panel from displays
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(c) Controls are arranged in fewer rows than the

displays. (Ely, 18) See figure 24. XR-C-2

@

1 2 3

0 0 0
4 5 6

0 0 0
7 8 9

0 0 Q
1 2 3 4 5 6 7 8 9
0 O0 O0 O0 0 0

NOTE:
THIS ARRANGEMENTIS ACCEPTABLE
ONLY WHEREA SMALL NUMBEROF
CONTROLSAND DISPLAYS ARE IN-
VOLVED. THE ARRANGEMENTIS
DIFFERENT WHERELARGE NUMBER
OF CONTROLSAND DISPLAYS ARE
INVOLVED. SEE 5.3.2.7 BELOW.

Figure 24. Controls arranged in fewer rows than displays

(d) Horizontal row of displays associated with

vertical columns of control_ either left or

right. (Ely, 18) See figure 25.

I

O
2

O
3

O

1 2 3
O O O

i m n D J

1
O

2
O

3
O

1 2 3

QQQ

i
I

--I

Figure 25. Controls oriented differently from displays
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5.3.3-7 Example of complex panel layout arrangements. - Panel

arrangement for a large number of control and display components may

have different requirements than for a few numbers, as in certain

analog computer applications. These configurational concepts shall

be used whenever poss_le within the limits of other design consid-

erations. Compare this with the above 5.3.2.6 (c). (Shackel, 16)

XR-S-2

(a) Controls arranged in fewer rows than displays.

See figure 26.

(b) Patch panel arrangement. A typical patch panel,

as-found in analog computer design s has many

jacks _md plugs. Reference lines shall be con-

sidered. The number of reference lines depend

on the number of rows and columns; too many

reference lines are undesirable. Division into

grouping of 5' s and lO' s shall be considered.

(eg, in a panel of lO0 by lO0, reference lines

shall form groups of lO by lO's) (Garvey, 19,

20) XR-S-2

5.3.3.8 Priority. - Controls and displays location. Priority

shall be given to location of controls and displays that will be

used most often. The choice shall depend upon the functional

requirements such as reading distance, angle of view s illumination s
presence of other instruments and method of actuation of related

controls. (Ely, 18) XR-S-2

5-3.3.9 Location and label. - Displays and controls shall be

located and labelled to insure quick and accurate identification.

See also Consistency, 5.3.3.2.

(a) Each control shall be located directly beneath

its associated display. Care shall be exer-

cised to avoid misidentification with a display

at a different location and to avoid obscuring

the display by any control parts or the opera-
tor's hand. XR-C-2

(b)

(c)

When a control is operated predominately by the

right hand and if space is a restricting factor,

it may be located to the right of its asso-

ciated display. XR-C-2

When a control is operated predominately by the

left hand and if space is a restricting factor,

it m_y be located to the left of its associate

display. This shall be avoided if possible as

it may not be consistent with the system and can

cause confusion. XR-C-2
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O0 O0 O0 O0 O0 O0 O0 O0
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23 24
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Q©Q@ © @ @ ©

7 19 2 14 8 20 3 15 9 21 4 16 10 22 5 17 11_23 6 18 12 24
00 00 00 00 00 00 00 00 00 00 00

0

(C)

(D)
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I 2 3 4 S 6 7 8 9 I0 11 12 13 14 15 16 17 18 19 20 21 22 23 24
0000 0 0 0 O0 000 O00 O0 0 O0 O0 0 0

NOTE:

(A) AND (B) OF FIGURE 26 ARE MOREDESIRABLE THAN (C) AND (D) BECAUSETHE
OPERATOR CANGLANCE DOWNAND ORIENT HIMSELF BY ROWS.

Figure 26. Example of complex panel layout

O

O
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(d) Controls and displays most frequently used shall

be located between shoulder and waist levels

with reference to the normal position of the

operator. XR-C-2

(e) Controls and displays that are less frequently
used shall be located further from the control

location of the panel relative to the operator's

normal position. XR-C-2

(f) Controls and displays requiring fine adjustment

and accurate readout shall be closer to the

operator's normal line of sight than controls

and displays requiring gross positioning or

monit or ing. XR-C-2

5.3.3.10 Separate panels. - When necessity requires related

controls and displays to be mounted on separate panels, the controls

shall be located in the same relative position as their associated

displays. (Chapanis, 21; Green, 22) XR-S-2

5.3.3.11 Combined controls. - When combined (ganged) controls

affect separate displays, the arrangement of the display shall be

from left to right with the combined controls centered below _he

displays. The smallest control shall affect the display on the left

and the largest control shall affect the display on the rights.

(See Control-display interaction 5.3.4 direction of motion.)

(Bradley, 23) XR-S-3

5.3.3.12 Positional restrictions. - Allowing for normal head

rotation and restrictions imposed by earphones or other head gear,
all instruments and legends shall be readable from the normal head

position. There shall be no obstruction by other equipment or

blocking of dials because of the oblique angles of view. XR-C-2

5.3.3.13 Panel hardware. - Display panels often necessarily

have such hardware as drawer handles, hinges, fasteners, etc. Use

of such hardware shall be minimal. Individual displays and controls

shall be kept clear of such hardware so as not to be confused, ob-

scured or obstructed by it. XR-C-2

5-3.4 Control-display movement.

5.3.4.1 Requirements. - The direction of movement of the con-

trol shall be related appropriately to the change which it induces

in its associated display, equipment component or the system as a

whole. The most important relational basis is that which _s expected

or in accord with the population stereotype (behavior patterns which

are consistent from person to person without special training or in-

struction). Other bases may be: (i) existing design practice, and
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(2) standardization and consistency. Sometimes these two may con-

flict with what is natural or expected. In such cases the possi-

bility of adverse consequences shall be taken into account and

changes made accordingly. (Ely_ i$) XR-S-2

5.3.4.2 Application. - The correct control-movement to display-

movement relationship shall be used where the following considera-

tions are important. (Adams_ 24; Gagne, 25; Mitchell, 6; Vince_ 26,

27; Warrick, 25, 29) XR-S-I

(a) Possibility that incorrect control movement can

mean mission failure or damage to equipment and

personnel. The most important endorsement for

providing the correct control-display relation-

ship comes in a time of emergency or where

there is a great deal of stress and anxiety.

Under stress the operator, however well he may

have learned an unexpected relationship, is

likely to revert to a "natural" or prelearned

relationship movement; disaster can result.

This affect seems to be more pronounced in

older people. (Vince, 27)

(b) Manipulation of control is complex or precise.

(c) Fast reactiou or decision time is required.

(d) Time is limited for training of operating

personnel.

(e) Operating sequence is discontinuous or has inter-

ruptions.

5.3.4.3 General criteria.

5.3.4.3.1 Movement of control. - The direction of movement of

a control shall be considered in relation to the following factors:

5.3.4.3.1.1 Operator's position. - Whenever possible, controls

and displays shall be placed in front of the operator. (Andreas, 5)
XR-S-2

5_.3.4.3.1.2 Display position and relation.

(a) Whenever possible, the controls shall always

be on the same plane as their associated

displays. (Norris, 30, 31) XR-S-2

(b) Controls and displays shall be related to each

other, in an obvious manner. XR-C-I

O

O
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5.3.4.3.1.3 Equipment component response. - Without the inter-

mediary of some display mechanism and where the feedback is direct

to the sensory modalities, the movement of controls shall be the

same as when displays are provided. See 5.3.4.4 for details. XR-S-2

5.3.3.3.1.4 Consistency. - Control-display movements shall be

consistent for all equipment throughout the system. Where control-

display movements are consistent and natural, there is less chance

of error and less time is required for training. (Duncan, 32)
XR-S-2

5.3.4.4 Specific criteria. - The following subsection is

divided into two categories: rotary controls and linear controls.

5.3.4.4.1 Rotary controls.

5.3.4.4.1.1 Operator orientation. - Basically there are two

planes of orientation: vertical and horizontal. In using rotary

controls the operator orients himself with a certain point on the

control. He pictures himself as moving in the direction in which

this point is moving. When the control effects the direction of

movement of an instrument indicator or vehicle, the point of the

control with which the operator is oriented should move in the same

direction as the desired direction of the indicator or vehicle.

(a) Vertical plane. The operator orients himself

with respect to the TOP of the control, as

in steering a boat at the helm. The vertical

may be in front to the left or right of the

operator. See figure 27. XR-S-2

(b) Horizontal plane. The operator orients him-

self with respect to the forward point of

the control, as in driving a bus that has

its steering wheel mounted horizontally.

The horizontal may be above or below the

operator. See figure 27. XR-S-2

5.3.4.4.1.2 Operator orientation--special cases.

Sloping panel. A sloping panel may be used

in either the vertical or horizontal orien-

tation depending on its degree of inclination

with respect to the vertical. (For simpli-
city this is not shown in the above illustra-

tion.) See Linear control orientation

5.3.4.4.2.1 where the situation is more com-

plicated with respect to sloping. XR-S-3
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FORWARD

FRONT

RIGHT

II

LEFT _GHT

CURVED ARROWS POINT TO DIRECTION OF INCREASE

IJO_E :

The orientation to all planes is the same were the operator

to face them. The arrows indicate the direction of "increase".

Figure 27. Operator orientation for rotary control

Q
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(b)

(c)

Operator inside moving vehicle. When the

operator is inside a moving vehiele_ the

orientation shall be as in figure 28.

(Matheny_ 33) XR-S-3

Different plane. While it is not desirable_

sometimes it is necessary to mount the con-

trols different from the display plane.

Studies have not found any strong population

stereotype for these situations. (Loveless_

34; Ross_ 35) The orientation shown in

figure 29 shall be as follows in order to

conform to a standard procedure. KR-A-2
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--'----LEFT RIGHT /

LEFT RIGHT

DOWNOR DOWNOR
FORWARD

Figure 28.

MOVEMENT

FRONT

FORWARD

Control display orientation for operator
inside moving vehicle

NOTE:

THIS ILLUSTRATION IS MEANTTO REPRESENTA GENERAL CONTROL-DISPLAY
RELATIONSHIPWHENCONTROLSARE MOUNTEDON A DIFFERENT PLANE FROM
THE DISPLAYS. THE SIZE OF THE CONTROL AND CONSOLEIS NOT TRUE TO"
LIFE.

Figure 29. Orientation for control mounted on a different
plane from display
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5.3.4.4.1.3 Associated meaning. The following direction of move-
ment shall have the associated meaning indicated. (Bradley_ 36;

Ely_ 18, 37; Loveless_ 34; Mitchell_ 6; Ross_ 35; Wade, 38; Warrick,

28, 29) XR-S-2

(a) Clockwise. A rotating clockwise movement has the

same meaning as an upward linear movement, eg_

as used with toggles. In general_ it shall have

the connotation of "on"_ "action"_ "up"_ or

"increase" of some kind. XR-S-2

(b) Counterclockwise. A rotating counterclockwise

movement has the same meaning as a downward

linear movement. In general, it shall have the

connotation of "off", "inaction", "down" or

"decrease" of some kind. XR-S-2

(c) Rotary control as linear control. When a rotary

control is largely concealed, the operator

responds to the exposed portion as it were a

linear control. The associated meaning and label

shall be as above. See figure 30. XR-C-2

O

Figure 30. Rotary control with linear orientation
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(d) Conflicting associated meaning. Rotary

hydraulic valve controls, as opposed to

electrical controls, generally turns clock-
wise for "close" or "off". Since thi_ ex-

ception is well ingrained in our culture,

this associated meaning shall remain un-

changed. To minimize confusion, there shall

be clear labelling; the label shall be in

accordance to the end purpose which it serves.
XR-C-2

,,..,,u _,l-,y U..L _.Lay L,Zl_, W..L ..["u L,,_-r'y .....(.:_11L,£" U_L).

(a) W_en the _isp!ay has a moving po_t_ _

stationary dial_ a clockwise rotation of

the rotary control shall result in a clock-

wise rotation of the pointer. (Loveless_

34; Simon, 39, 40; Stellar, 41) See figu_re

31. XR-S-2

@

l
Figure 31. Rotary display with rotary control

(b) A rotary control shall be on the concave side

of a rotary display when the movement tra-

verses less than a full circle. (Simon, 39,

40; Warrick, 28, 29) See figure 31. XR-S-3
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5.3.4.4.1.5

(c) When the display has a moving dial and a

fixed pointer_ or limber line_ it will

usually cause direction-of-movement incon-

sistency. Wherever possible_ it shall be

replaced by a fixed dial and moving pointer.

(Bake% 42_ Bradley_ 36; Loucks_ 43) XR-S-2

Linear displays (with rotary control).

(a) When a rotary control and a linear display

are on the s_me plane_ the part of the con-

trol adjacent to the display shall move in

the same direction as the moving part of

the display. (Andreas_ 44_ Gardner_ 45_

46) See figure 32. KR-S-2

(b) When possibie_ a rotary control shall not be

placed above any display or to the left of

a vertical display. (Simon_ 39_ 40;

Warrick: 2_£_ 29) See figure 32. XR-S-2

Q

RECOMrJENDED

II

Figure 32. Linear display with rotary control

Q
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5.3.4.4.2 Linear controls.

5.3.4.4.2.1 Operator orientation and associated meaning. - _me

following factors shall be considered where linear control is used:

(a) Sloping panels can be used up to_ but not ex-

ceeding_ a _j_7_xdegree angle from the floor

(or desk). Linear control movements shall

follow the same criteria as outlined for the

vertical and horizontal plane. See

5.3.4.4.2.2 and 5.3.4.4.2.3. XR-S-2

(b) Overhead sloping panels shall be avoided

because of reverse movement problems _,.__th
linear controls. Note the differences in

orientation between linear and rotary con-

trols for overhead sloping panels. See

figure 33- (Adams, 24; Grahm, 47; Lazar,

48) x_-s-2

"///////////////////////_

NOTE: ,_
I USE THIS ORIENTATION ONLY //

/
// FOR OVERHEAD PANELS /
/ /
/ MORE THAN 45° FROM /
/ /

ON / VERTICAL
(INCREASE, ETC.) / /

t / OFF //// @--,,"- ON (INCREASE, ETC.) ///

@--"" ON (INCREASE ETC.) ..:::_ _ _,

.......-_J(C; .......... _ (INCREASE, ETC.) f

.::.-.'.-_::. / /

//////////H/N///H/H/

Figure 33- Control display movement orientation for linear control

133



MSFC-STD-267A

January 31, 1966

5.3.4.4.2.2 Vertical plane.

(a) Upward or forward (away from operator) move-

ments shall be associated with "on"_

"increase"_ or "up". XR-S-2

(b) Downward or rearward (toward operator) move-

ments shall be associated with "off"_
"decrease" or "down". XR-S-2

5.3.4.4.2.3 Horizontal plane.

(a) Facing forward or overhead_ forward (away
from operator) movement shall be associated

with "on" and "increase". XR-S-2

(b) Rearward (toward operator) movement shall be

associated with "off" and "decrease".

XR-S-2

CAUTION NOTE

A confusion factor exists when the horizontal

plane orientation is compared with aircraft

pilots' experience. Forward on the control

stick causes the aircraft to go downward

while rearward causes the aircraft to go up-
ward.

5.3.4.4.2.4 Associated up-down meanings. - The following is a

list of commonly used labels for up-down positions and shall be used

where applicable:

On-off

Start-stop

High-low

Up-down

In-out

Fast-slow

Arm-safe

Raise-lower

Increase-decrease

Open-close

Engage-disengage

Automatic-manual

Accelerate-decelerate

Energize-deenergize

Internal-external

Forward-reverse

Over-under

Fire-hold

Alternating-direct

Moving-stationary

Caged-tuucaged

Positive-negative

@

@

@

134



@

io

,

.

.

.

.

,

o

.

lO.

Ii.

C OI_TROL-DISPLAY INTERACTION

MSFC-STD-267A

January 31, 1966

SOURCE REFERENCES

Knowles, W. B., Garvey, W. D. and Newlin, E. P.

SPEED AND LOAD ON DISPLAY-CONTROL RELATIONSHIPS.

Psyehol., Vol. 46, No. 2, Aug. 1953, 65-75.

THE EFFECT OF

Jl. Exp.

Humphries, M. PERFORMANCE AS A FUNCTION OF CONTROL-DISPLAY

RELATIONS, POSITIONS OF THE OPERATOR, AND LOCATIONS OF THE

CONtrOL. Jl. of Psychol., Vol. 42, No. 5 1958. 311-316.

Smith; S., Gonz_lez; __n_h__ w _a Fo_11 , R. J. _--._-._,_.,_,'_m_ma,.,._-n'_

CONTROL-DISPLAY COMPATIBILITY AND MONITORING CUES ON MULTIPLE-

TASK FERFORMA_NCE. D2-90542, Jan. 1964, 35 PP- Aerospace

Technologies, The Boeing Company.

Murray, N L. PRINCIPLES OF CONTROL ARRANGEMENT FOR SEQUENTIAL

OPERATION. In: Fitts, P. M (Ed.) Psychological Research on

Equipment Design Report No. 19, AAF Aviation Psychology Pro-

gram Research Reports. U. S. Government Printing Office,

Washington 25, D. C.

Andreas, B. G., Green, R. F. and Spragg, S. D. S. TRANSFER

EFFECTS BETWEEN PERFORMANCE ON A FOLLOWING TRACKING TASK

(MODIFIED SAM TWO-HAND COORDINATION TEST) AND A COMPENSATORY

_ACKING TASK (MODIFIED SAM TWO-HAND PURSUIT TEST) The J1. of

Psychol., 37, 1954, 173-183.

Mitchell, M. J. H. DIRECTION OF MOVEMENT OF MACHINE CONTROLS.

IV. RIGHT OR LEFTHANDEDPERFORMANCE IN A CONTINUOUS TASK.

APU 85/48 , Medical Research Council, Applied Psychology

Research Unit, Cambridge. AD 199 424.

Boring, E. A. SENSATION AND PERCEPTION. Ch. 7, 1942,

D. Appleton-Century Company.

Woodworth, R. S. EXPERIMENTAL PSYCHOLOGY, 1938. Holt,

New York.

Senders, Virginia L. & Cohen, J. EFFECTS OF SEQUENTIAL

DEFENIXENCIES ON INS_-READING PERFORMANCE. Jl. of Exp.

Psychol., Vol. 50, No. i, 1955, 66-75.

Forgays, D. G. THE DEVELOPMENT OF DIFFERENTIAL WORDRECOGNITION.

Jl. Exp. Psychol., 45, i953, 165-168.

Heron, W. PERCEPTION ASAFUNCTION OF RETINALLOCUSANDA_rZEN -

TION. Amer. Jl. Psychol., 70, 1957, 38-48.

135



MSFC-STD-267A

January 31, 1966

12. Kimura, Doreen. THE EFFECT OF LETTER POSITION ON RECOGNITION.

Canad. Jl. Psychol., 13, 1959, i-i0.

13. Lincoln, R. S. and Averbach, E. SPATIAL FACTORS IN CH_CKING
READING OF DIAL GROUPS. Jl. Appl. Psychol., 40, No. 2, 1956,

i05-1o8.

14. Mishkin, H. and Forgays, D. G. WORK RECOGNITION AS A FUNCTION
OF RETINAL LOCUS. Jl. Exp. Psychol., 43, 1952, 43-45.

15. Murray, N. L. PRINCIPLES OF CONTROL ARRANGEMENT FOR SEQUENTIAL

OPERATION. In: Fitts, P. H. (ed.) Psychological Research on

Equipment Design. Report No. 19, A_ Aviation Psychology Pro-

_:__n Research Reports. U. S. Government Printing Office,

Washington 25, D. C.

16. Shackel, B. A NOTE ON PANEL LAYOUT FOR NUMBERS OF IDENTICAL

ITEMS. Ergonomics, Vol. 2, No. 3, Hay 1959, 247-253.

17. Tinker, H. A. PERCEPTUAL AND OCULOMOTOR EFFICIENCY IN READING

MATERIALS IN VERTICAL AND HORIZONTAL ARRANGEMENTS. The Amer.

Jl. of Psychol., Vol. 68, No. 3, Sept. 1955, 444-449.

18. Ely, J. H., Thomson, R. M. and Orlansky, J. LAYOUT OF WORK

PLACES. CHAPTER V OF THE JOINT SERVICES _N ENGINEERING

_JIDE TO EQUIPMENT DESIGN. WADC-TR-56-171, Sept. 1956. Joint

Army-Navy-Air Force Steering Committee, U. S. Dept. of Defense.

AD Ii0 507.

19. Garvey, W. D. and Knowles, W. B. RESPONSE TIME PATI_RNS
ASSOCIATED WITH VARIOUS DISPLAY-CONTROL RELATIONSHIPS. Jl. of

Exp. Psychol., Vol. 47, No. 5, 1954, 315-322.

20. Garvey, W. D. and Mitnick, L. L. EFFECT OF ADDITIONAL SPATIAL
REFERENCES ON DISPLAY-CONTROL EFFICIENCY. Jl. of Exp. Psychol.,

Vol. 50, No. 4, 1955, 276-282.

21. Chapanis, A. and Lindenbaum, L. E. A STUDY OF CONTROL-DISPLAY

LINKAGES. Human Factors, Vol. i, No. 4, Nov. 1959, 1-7.

22. Green, R. F., Andreas, B. G., Norris, E. B. and Spragg, S. D. S.

PERFORMANCE ON A FOLLOWING TRACKING TASK (THE SAME TWO-HAND

COORDINATION TEST) AS A FUNCTION OF _E CONTINUITY OF THE PLANE

AND DIRECTION OF MOVEMENT OF THE CONTROL CRANK AND TARGET

FOLLOWER. Jl. of Psychol., 40, 1955, 403-410.

23. Bradley, J. V. and Stump, N. E. MINIMUM ALLOWABLE DIMENSIONS

FOR CONTROLS MOUNTED ON CONCENTRIC SHAFTS. Proj. 7182-71514,

WADC-TR-55-355, Dec. 1955, 41 pp. Aero Medical Lab., WADC,

Wright-Patterson AFB, Ohio.

O

O

136



O

24.

25.

26.

27.

28.

29.

30.

31-

32.

33.

34.

MSFC-STD-267A

January 31, 1966

Adams, J. A. and Lewis, D. THE EVALUATION OF 'DIFFICULTY OF
TASK' UNDER SEVERAL DIFFERENT CONDITIONS OF PERFORMANCE ON THE

MODIFIED MASHBURN APPARATUS. Contr. N5ori-57, T.0. II, Proj.

Designation NR-783-002, TR SDC 57-2-8, 27 pp. ATI 84520. 1949.

Gagne, R. M. and Foster, Harriet. A S_JDY OF TRANSFER IN A

MOTOR TASK WITH VARYING DISPLAY-CONTROL RELATIONSHIPS. Contr.

N7pnr-316, Task Order I, Report 316-1-2, Apr. 28, 1948, 29 pp.

Special Devices Center, Office of Naval Research. AD 67 348.

Vince, Margaret A. RAPID RESPONSE SEQUENCES AND THE PSYCHOLOGI-

CAL REFRACTORY PERIOD. Brit. Jl. Psychol., 1949, 40, 23-40.

Vince, Margaret A. LEARNING AND RETENTION OF AN '_7EXPF2TED"

CON_q0L-DISPLAY RELATIONSHIP UNDER STRESS CONDITIONS. APU 125,

Aug. 1950, 17 pp- Medical Research Council, Applied Psychology

Research Unit, Cambridge. AD 204 740.

Warrick, M. J. DIRECTION OF MOVEMENT PREFERENCE IN POSITIONING

VISUAL INDICATORS BY MEANS OF CONTROL KNOBS. Amer. Psychologist,
2, 1947, 345-

Warrick, M. J. DIRECTION OF MOVEMENT IN T_E USE OF CONTROL

KNOBS TO POSITION VISUAL INDICATORS. In: Fitts, P. M. (Ed.)

Psychological Research on Equipment Design. Report No. 19,

Army Air Forces Aviation Psychology Program Research Reports.

U. S. Government Printing Office, Washington 25, D. C.

Norris, E. B. and Spragg, S. D. S. PERFORMANCE ON A FOLLOWING

TRACKING TASK (MODIFIED SAM TW0-HAND COORDINATION TEST) AS A

_3NCTION OF THE PLANES OF OPERATION OF THE CONTROLS. Jl. of

Psychol., 35, 1953, 107-117.

Norris, E. B. and Spragg, S. D. S. PERFORMANCE ON A FOLLOWING

TRACKING TASK (MODIFIED SAM TW0-HAND COORDINATION TEST) AS A

FUNCTION OF THE RELATIONS BETWEEN DIRECTION OF ROTATION OF

CONTROL, AND DIRECTION OF MOVEMENT OF DISPLAY. Jl. of Psychol.,

1953, 35, 119-129.

Duncan, C. P. TRANSFER IN MOTOR LEARNING AS A FUNCTION OF

DEGREE OF FIRST TASK LEARNING AND INTER-TASK SIMILARITY. Jl.

Exper. Psychol., 45, 1953, i-ii. Also Contr. No. 33(038)-/-_96,

RIM) No. 694-44, WADC _ 52-64, Apr. 1952, 37 PP- Wright Air

Develop. Cntr., Air Research and Develop. Cmd., USAF, Wright-

Patterson AFB, Ohio.

Matheny, W. G., Dougherty, D. J. and Willis, J. M. RELATIVE

MOTION OF ELEMENTS IN INSTRUMENT DISPLAYS. Aerospace Medicine,

Nov. 1963, 1041-1046.

Loveless, N. E. DIRECTION-0F-MOTION STEROTYPES: A REVIEW.

Ergonomics, Vol. 5, No. 2, Apr. 1962, 357-383.



MSFC-STD-267A
January 31, 1966
35. Ross, S., Shepp, B. E., and An&rews, T. G. RESPONSEPREFER-

ENCESIN DISPLAY-CONTROLRELATIONSHIPS.The Jl. of Appl.

Psychol., Vol. 39, No. 6, 1955, 425-428.

36. Bradley, J. V. DIRECTION-OF-KNOB-TURN STEREOTYPES. Contr. AF

18(600)-50, Proj. 7182, Task 71514, WADC-TR-57-388, July 1957,

ii pp. Aero Medical Lab., WADC, Wright-Patterson AFB, Ohio.

AD 130 835.

37. Ely, J. H., Thomson, R. M. and 0rlansky, J. DESIGN OF CONTROLS.

CHAPTER VI OF TH_ JOINT SERVICES HUMAN ENGINEERING _JIDE TO

EQUIPMENT DESIGN. Contr. AF 33(616)-419, Proj. 7180, Task

71501, WADC-TR-56-172, Nov. 1956, 97 PP. Aero Medical Lab.,

WADC, Wright-Patterson AFB, Ohio. AD 118 023.

38. Wade, E. A. and Cohen, E. POPULATION STEREOTYPES IN THE DIREC-
TION OF MOTION OF TH_L SWITCHES. Human Factors, Vol. 4,

1962, 397-399.

39. Simon, C. W. THE PRESENCE OF A DUAL PERCEPTUAL SET FOR CERTAIN

PERCEPTUAL-MOTOR TASKB. Contr. W33-038-ac-19816, RDO No. 694-31,

WADC-TR-54-286, June 1954, 27 pp. Aero Medical Lab., WADC,

Wright-PattersonAFB, Ohio. AD 52 500.

40. Simon, C. W. EFFECTS OF STRESS ON PERFORMANCE IN A DOMINANT AND

A NON-DOMINANT TASK. Contr. W33-O38-ac-19816, RD0 No. 694-31,

WADC-TR-54-285, June 1954, 41 pp. Aero Medical Lab., WADC,

Wright-Patterson AFB, Ohio. AD 53 977.

41. Stellar, E. HUMAN FACTORS IN PANEL DESIGN. In: Human Factors

in Undersea Warfare, Committee on Undersea Warfare, Natl.

Research Council, Washington, D. C. 1949.

42. Baker, C. A. and Grether, W. F. VISUAL PRESENTATION OF INFOR-

MATION. Proj. 7180, WADC-TR-54-160, Aug. 1954, Iii pp. Aero

Medical Lab., WADC, Wrigh£-Patt_rson AFB, Ohio.

43. Loucks, R. B. LEGIBILITY OF AIRCRAFT INSTRUMENT DIALS:

RELATIVE LEGIBILITY OF VARIOUS CLIM_ INDICATOR DIALS AND

POINTERS. AAF School of Aviation Medicine Project 286,

Rept. i, 1944.

TH_

44. Andreas, T. G. and Ross, S. A STUDY OF DIRECTION OF RESPONSE

ERRORS IN A HORIZONTAL DISPLAY-CONTROL PATTERN. Proj.: DA-49-

C07-MD-222 (0. I. 19-52), Indicators of Behavior Decrement,

Tech. Rept. No. 26, Aug. 31, 1954 , 17 pp. AD 63 854 •

45. Gardner, J. F. DIRECTION OF POINTER MOTION IN RELATION TO

MOVEMENT OF FLIGHT-CONTROL IN CROSS POINTER TYPE INSTRUMENT.

TR No. 6016, 1950. USAF Air Material Cmd., Wright-Patterson

AFB, Ohio.

O

O

13



46.

47.

48.

MSFC-STD-267A

January 31, 1966

Gardner, J. F. THE EFFECT OF MOTION RELATIONSHIP AND RATE OF

POINTER MOVEMENT ON TRACKING PERFORMANCE. Proj. 7189, Task

71571, WADC-TR-57-533, Sept. 1957, 20 pp. Aero Medical Lab.,

WADC, Wright-Patterson AFB, Ohio. AD 131 002.

G_ahm, Norah E., Baxter, I. G. and Browne, R. C. MANUAL

_KACKING IN RESPONSE TO THE DISPLAY ON HORIZONTAL, VERTICAL AND

CIRCULAR SCALE. Brit. J1. Psychol., 42, 1951, 155-163.

Lazar, R. G. and Williams, J. R. INVESTIGATION OF NA_XJRAL
MOVEMENTS IN AZI_ AND ELEVATION LEVER CONTROL ADJUSTMENTS FOR

HORIZONTAL AND VERTICAL POSITIONS. Proj. TBI-IO00, Tech Memo

•..,-..,9, Apr. io_o ....... ,_, pp. U- S. _my _ ..... _C ..........

Branch, Human Engineering Lab., Aberdeen Proving Ground,

Maryland. AD 216 I16.

139



MSFC-STD-267A
January 31, 1966

CONTROL-DISPLAYINTERACTION

ADDITIONAL REFERENCES

49. Jenkins, W.0. INVESTIGATION OF SHAPES FOR USE IN CODING

AIRCRAFT CONTROL KNOBS. Expenditure Order No. 694-17, Memo

Rept. TSEAA-694-4, Aug. 19, 1946, 14 pp. Army Air Forces, Hq.,

Air Materiel Cmd., Engr. Div.

50. Jenkins, W.0. A FOLLOW-UP INVESTIGATION OF SHAPES FOR USE IN

CODING AIRCRAFT CONTROL KNOBS. Expenditure Order No. 694-17,

Memo Rept. TSEAA-694-4A, Aug. 27, 1946, 7 PP. Hq. Air Mat. Cmd.,

Engr. Div.

51. Jenkins, W.0. A FURTHER INVESTIGATION OF SHAPES FOR USE IN

CODING AIRCRAFT CONTROL KNOBS. Expenditure Order No. 694-17,

Memo Rept. TSEAA-694-4B, Sept. 26, 1946, ii pp. Army Air Forces,

Hq., Air Mat. Cmd., Engr. Div.

52. Jenkins, W.O. THE TACTUAL DISCRIMINATION OF SHAPES FOR CODING

AIRCRAFT-TYPE CONTROLS. Memo Repts. No. TSEAA-694-4, TSEAA-

694-4A_ and TSEAA-694-4B, Hqs. AMC, Engr. Div. USAF, pp 199-205.

O

140



O

Q

DETAILED REQUIREMENTS

ANTHROPOMETRY AND WORKSPACE

WORKSPACE

O



MSFC-STD-267A

January 31, 1966

t_

r-I Od O_ r-lOJ

H4_44_444

£
tr_

m

,d

m

o

H

C.) -_

0

4_

_j

_J

•..,--I

O o
o-_

4_

•. _

o
o _ ID

•"_ _ O

ID clI

.I-_ r/'l
r/l

141



MSFC-STD-267A

January 31, 1966

O

r_ oJ o_

r-_ H r-I H H H _ r-4 _ _4 r-_ H

OJ 0J OJ OJ OJ GJ OJ OJ OJ 0J OJ 0J

Lr_ L(_ L_,, _ L¢_ L¢_ L¢_ _ Lt_ L¢_ L¢_ Lt_

__4

,,•,

,•,•,

•,••,

0

• •,•, •,,,

r_

q-i @.M

r_ r_ _

_'" 0 -H
•H >"_ _ 0
,r.-i
b.O _ k.O _

% o
O ••

_-_ .. _,_
%

_ o o

o_
% 4_

_o

o

o

.r-I

@
_>
O

©
-p

.r-I

tr_

.r-I

0
"H

Y
.r-!

"H

CO

0

CO

0

rH

@
rj_ "H

-p

©

N o

o _

-H

O

o
.H
q_ _ H

o @

(D -P
cQ _u

r-t _ _

o r-H -H

©

H

c_ bD _
*, % 4-_

r'4 OH _

-,_.H M
_a m O _

O.H _ q_ o
_d _> o

_d H 0

_ o r_,_

.. _ _p _ ,_

r_

@

E-I

0

0

142



MSFC-STD-267A

January 31, 1966

_-4oJ
,-4,-I

_AJ,

0_

....... 4 .... _

oeleoeole=ioe eeo

_40
40

o3

o3

_r-4
bD_

-H

_4
Or-4
40

I>

143



O

MSFC-STD-267A

January 31, 1966

5.4 Human capabilities and human responses.

5.4.1 Human strength capabilities. - Various limb movements

are required in the operation of controls. The operator's strength

varies with the position of his limbs and the direction of his move-

ment. In the design of equipment both the amount and direction of

force exertable sure important and shall be within the capabilities

of the operator. The following subsection contain strength data

for various body and limb positions; the values shall be used as

limits wherever applicable. XR-C-I

5.4.1.1.1 Seated body position.

5.4.1.1.1.1 Direction of exertion. - In descending order of

ability the arm forces that can be exerted by the seated operator are:

push, p_3_ll, up, down_ abduction and adduction. The pu_ll is subjec-

tively more pleasant to actuate than the push. Most hand controls

may be designed to be pulled. (Hugh-Jones, !; Hunsicker, 2). XR-S-2

5.4.1.1.1.2 Provision for back-rest. - A back-rest shall be

provided for the seated operator to aid him to exert the maximum

force. The back-rest shall be mandatory where the operator has to

extend his arm to angles of 135 to 160 degrees. (Caldwell, 34;

Hugh-Jones, i; Provins, 5, 6, 7). XR-S-2

5.4.1.1.1.3 Value of force exerted. - Tables VIII, IX, and X

give the strength values for various arm angles in the seated posi-

tion. These values shall apply as limits where applicable.

(Hunsicker, 8). XR-S-2

5.4.1.1.2 Prone body position.

5.4.1.1.2.1 Direction of exertion. - Controls requiring great

force for actuation by the proned operator shall be designed to be

pulled. Other directions, in descending order of exertion ability

shall be the push, up_ adduction, down and abduction. (Hunsicker,
18; Br_n, 9, I0_ ii). XR-S-2

5.4.1.1.2.2 Value of force exerted. - Table XI gives the

strength values for various arm angles in the prone position. These

values shall apply as limits where applicable. (Hunsicker, 8).
XR-S-2

5.4.1.1.3 M_ximum torque for one hand. - Table XII gives the

maximum torque that can be exerted on knobs of various diameters.

These values shall be used wherever maximum values are applicable.

Note that these values are much higher than the ideal values given

in the control section 5.1. The ideal values are for ease of

145



MSFC-STD-267A

January 31, 1966

O

T_ble VIII.

Maximum force exerted in the sitting position on a vertical handgrip

at various elbow angles by the right and left arms of male college

students

DIRECTION
OF FORCE

PUSH

PULL

LEFT

RIGHT

UP

DOWN

ELBOW
ANGLE
(BEG)

60

90

120

150

180

60

90

120

150

180

6O

90

120

150

180

60

90

120

150

180

60

90

120

150

180

60

90

120

150

180

HUNSICKER, 1955.

PERCENTILES (LB)

5TH

k R

22 34

22 36

26 36

30 42

42 50

26

32

34

42

5O

12

10

10

8

8

17

16

20

15

13

15

17

17

15

9

24

37

42

56

52

20

18

22

2O

20

17

16

15

15

14

20

20

24

18

14

18 20

21 26

21 26

18 20

13 17

50TH

L R

79 92

83 86

99 103

111 123

126 138

64 63

80 88

94 104

112 122

116 120

32 52

33 50

30 53

29 54

30 50

5O 42

48 37

45 34

47 33

43 34

44 49

52 56

54 60

52 56

41 43

46 51

49 53

51 58

41 47

35 41

95TH

L R

164

172

180

192

196

110

122

152

168

172

150

154

172

194

210

74

135

154

189

171

62 87

72 97

68 100

66 104

64 104

83 82

87 68

89 62

113 64

92 62

82 82

100 106

102 124

110 118

83 88

76 89

92 88

102 98

74 80

72 82

'" i;,

S.O.

L R

31 38

35 33

42 43

48 45

47 49

23

28

34

37

37

17

19

18

2O

20

21

22

21

27

22

18

22

25

27

23

18

20

23

16

15

23

3O

31

36

37

19

23

26

25

26

20

18

17

18

24

18

22

24

28

22

21

20

23

18

18

146



Table IX.

MSFC-STD-267A

January 31, 1966

Maximum force exerted in the sitting position with the hand grasping

(thumb away from body palm forward) at various elbow angles by the

right and left arms of male college students

DIRECTION

OF FORCE I ANGLE I
J (DEG) J 5TH

L

PUSH 60 35
90 25

120 15
150 13
180 14

PULL 60 23
90 13

120 14
150 16
180 17

RIGHT 60 16
90 12

120 14
150 12
180 12

LEFT 60 17
90 16

120 14
150 12
180 8

UP 60 20 17
90 24 21

120 38 41
150 44 37
180 45 51

DOWN 20 20
23 17
35 29
43 37
36 44

HUNSICKER AND GREEY, 1957.

PERCENTILES (LB

50TH

R L R

34 89 96
25 59 65
20 40 43

17 38 36
12 30 32

16 54 51
13 42 43
11 40 40
11 40 37
15 40 39

18 38 44
18 32 39

17 31 34
15 32 32
14 29 29

13 42 36
13 33 31
12 28 30
12 26 31
10 27 28

49 45
75 63
94 88

104 103
111 113

58 59
80 80
84 92

84 93
78 87

95TH

L R

176 172
104 117

80 71
69 59
47 58

87
68

66
62
70

64
46
55
62
43

81
52
45
43

44

89
131
152
164
173

138
160

136
136
124

93
74
63
66
73

73
72
64
60
48

70
48
46

52
44

78
107
143
161
165

132
143
148
150
135

S.D°

42 39
27 24
18 17
30 14

10 15

23 25
21 19
18 17
15 17
18 19

12 19
12 24

13 15
15 14

9 12

20 17
12 12

8 11
10 14
10 10

22 22
29 27
33 33
36 40
40 34

41 35
43 37
33 13
29 35
28 32
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Table X.

Maximum force exerted in the sitting position with the hand grasping

(thumb toward body_ palm rearward) at various elbow angles by the

right and left arms of male college students

DIRECTION

OF FORCE

PUSH

PULL

RIGHT

LEFT

UP

DOWN

ELBOW

ANGLE

(DEG)

60

90

120

150

180

60

90

120

150

180

60

90

120

150

180

6O

9O

120

150

18O

6O

90

120

150

180

PERCENTILES (LB)

5TH 50TH 95TH S.D.

L R L R L R L R

33 40 86 94 138 156 35 36

27 25 60 65 93 100 28 24

17 23 43 46 71 70 17 15

15 18 37 40 69 66 18 18

12 17 32 32 59 59 13 12

20 13 39 37 64 50 18 16

17 14 37 32 65 54 18 13

12 13 30 26 56 43 14 10

15 12 32 29 52 48 13 10

16 11 34 28 61 48 15 12

20 19

17 12

17 9

17 9

15 10

18

11

10

9

10

22

37

45

58

47

18

23

29

39

34

16

16

15

18

16

23

28

41

43

35

23

22

37

40

41

42 41

38 31

34 26

31 21

28 19

36 48

27 39

22 34

23 32

20 31

57 49

77 69

91 91

100 99

101 95

74 81

75 83

75 92

79 90

76 87

66 72

60 64

53 53

54 39

41 34

51

54

39

53

49

100

123

145

159

171

73

59

47

45

57

79

112

138

165

156

139 158

136 142

148 161

136 154

138 143

15 19

12 15

8 13

11 11

8 7

15

11

10

16

13

22

24

3O

32

11

18

15

11

7

13

20

29

30

38

35

35 35

34 35

40 35

29 34

31 31

HUNSICKERAND GREEY, 1957.

O

O

148

90 ° 60 °

180 ° 150 _,/_ 120°

SITTING POSITION
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Table XI.

M_ximum force exerted in the prone position on a vertical handgrip

at various elbow a_gles by the right and left arms of male college
=tudents

DIRECTION

OF FORCE

PUSH

PULL

LEFT

RIGHT

UP

DOWN

ELBOW
ANGLE!

(DEG) 5TH

L R

60 17

90 18

120 21

150 24

180 26

60 17 21

90 23 24

120 22 31

150 21 29

180 18 31

60 8 16

90 6 16

120 6 15

150 5 15

180 4 12

60 11 12

90 13 13

120 9 11

150 8 12

180 10 9

60 13 13

90 15 15

120 11 13

150 7 13

180 5 8

10

12

11

10

7

HUNSICKER, 1955.

24

26

29

29

31

13

16

15

15

13

PERCENTILES (LB)

L

50TH 95TH
J i

L R L R
J

52 66 87 119

54 63 9! 103
i

63 73 I 108 128

65 73 ! 111 12767 79 116 i23

57 61

66 73

74 86

70 81

61 69

24 48

22. 46

20 48

20 45

22 37

44 29

40 28

38 28

34 28

31 24

35 44

40 52

40 50

31 41

18 23

30 34

31 36

31 35

28 34

25 25

97 113

118 121

126 147

122 133

111 118

49 91

45 87

38 97

56 93

57 71

99 57

92 51

91 58

79 60

67 61

71 85

78 94

81 91

62 83

44 47

51 61

57 60

57 61

48 60

41 47

S.D.

21 26

22 23

27 28

26 30

28 26

24

26

30

28

26

12

10

9

15

19

24

22

23

23

19

17

18

21

17

12

12

12

14

11

10

26

30

34

33

26

22

21

25

26

17

12

11

12

14

14

21

22

21

23

12

13

13

15

13

10

PUSH ""--T'_PULL-__ _ _ -- "..-_-_
.... f ,.,,,"

DOWN _cr¢'_'|--"_-_

150° .^'_ I ,,,,_
120° 90° 60°

0
PRONE POSITION
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Table XII

Mean and Standard Deviation of

Maximum Torque by Knob Size

(Torque in Inch-Ounces)

O

RIM SURFACE

Knob Rectangular Diamond Smooth

Size Knurl Knurl

(Inches)

Mean S.D. Mean S.D.

1/8

I/_

B/8

1/2

5/8

3/4

7/8

i

1-1/4

1-1/2

1-3/4

2

2-1/4

2-1/2

2-3/4

3

3-1/2

4

4-1/2

5

Mean S.D.

8.4 3.1

18.6 5.4

27.7 7 6

42.6 12 8

60.3 17 3

85.4 28 7

104.9 35 1

115.6 31 8

120.7 35 6

156.6 41 0

199.6 51.5

244.5 64.7

294.4 78.5

367.9 103.2

403.1 95.1

444.3 114.2

553.4 147.1

694.8 180.8

814.8 219.7

898.5 219.5

9.1

19.6

31.8

45.9

64.9

93.1

112.6

116.0

132.9

146.8

205 3

210 2

287 5

371 9

423 9

477 7

607 3

698.0

855.7

973.4

3.1

5.4

9.1

13.5

21.5

33.1

40.2

35.5

37.7 59

37.5 97

52.8 124.

48.9 148.

74.5 187.

113.6 236.

108.4 238.

136.6 267.

158.9 40o.

173.9 454.

236.0 542.

262.8 716.

3.0

8.3

13.4

21.8

27.2

39.8

47.9

59.l

.9

.4

7

0

0

2

9

2

4

2

4

4

1.5

3.3

4.4

7.6

8.6

10.6

15.6

21.3

17.2

26.4

38.7

46.7

52.O

63.1

69.2

81.i

116.6

135.3

15o.9

225.8
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(Hedberg, 12 ;

5.4.1.1.4 Maximum torque for two hands. - For gross mechanical

application, the following torque value will be used as maximum

values. (Graves, 15; McFadden, 16). XR-S-2

Average worker :

Above average worker :

5.4.1.2 Leg strength.

260 pound-inches

400 pound-inches

5.4.1.2.1 Provision for back-rest. - A b_ck-rest shall be pro-

vided for the operator for maximum force exertion. (Brozek, 17;

Caldwell, 3, 4; Elbel, 18, 19; Hansen, 20; Hugh-Jones, i; Rees, 21).

XR-S-2

5.4.1.2.2 Value of force exerted. - The amount of force exerted

(pushed) by the leg depends on the thigh angle and knee angle. The

angle of the seat usually determines the thigh angle. The maximum

push is at about the 160 degree angle called the limiting angle.

See figure 34 for values. (Dempster, 72; Hugh-Jones, i). XR-S-2

5.4.1.3 Strength of various body members. - Maximum strength

values are listed in figures 35 and 36. These values shall be used

as limits in system design wherever applicable. The valves are for

the following body parts. (Clarke, 23, 24, 25). XR-S-2

(a) Trunk flexion 127 pounds

(b) Trunk extension 235 pounds

(c) Trunk lateral flexion 159 pounds

(d) Trunk rotation 36 pounds

(e) Hip flexion 109 pounds

(f) Hip extension 175 pounds

(g) Hip adduction 112 pounds

(h) Hip abduction 109 pounds

(i) Ankle inversion 39 pounds

(j) Ankle eversion 31 pounds
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900 -

800 -

700 -
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...._1

500-
Q..

=:)

-_ 400 -
X

z 300 -
Ill

200 --

I00 -

o I
60

I

THIGH ANGLE (_)

1 -15 - 60

2 + 5 AND 10o

3 15" 19o

4 33 - 36o

5 48 - 49o

I I I I
80 100 120 140 160

KNEE-ANGLE (_), DEGREES

Figure 34.

--LIMITING ANGLE

I_--,KNEE STRAIGHT

180

Leg strength at various knee angles

@

5.4.1.4 Facts relating to human strength. - The following sub-

section lists facts about human strength. These facts shall be con-
sidered in deciding values of strength requirements. (Hunsicker, 2).

XR-S-2

5.4.1.4.1 _ - Strength increases with a_e for the first
twenty years; remains at this level for five or ten years; then de-

creases gradually throughout the rest of life. Physical exercise can

delay the decrease. (Burke, 26; Fisher, 27). XR-S-2

_.4.1 4.2 Sex. Adult females have about one third less
j •

strength than males. (Hunsicker, 2). XR-S-2

5.4.1.4.3 Si_Jes differences. - There is only a slight difference

in the strength of the two sides of the body. (Hunsicker, 2; Provins,
5, 6, 7). XR-S-2

@
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NECK FLEXION

O
sl¢" • r" l-'Pr- s I_ II_rCK _'X, _NSIuN

O O
NECK LATERAL FLEXION

k <

""

127 LBS

r_-

TRUNK FLEXION

0 0
TRUNK EXTENSION TRUNK LATERAL FLEXION

Figure 35. Strength of various body members, view A
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O

O HIP ADDUCTION © ©
ANKLE INVERSION

| I

O HIP ABDUCTION

f_
/ I

II _ 112 LBS

(]_) HIP FLEXION

pm_

11 lo9BSI
i F

O HIP EXTENSION

INVERSION (TOWARD

MEDIAL) 39 LBS

EVERSION (AWAY

FROM MEDIAL) 31 LBS

O TRUNK ROTATION

Figure 36. Strength of various body members, view B
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5.4.1.4.4 Static and dynamic strength. - _nere is a difference

between static strength and dynamic strength and the correlation

between the two is not high. (Hunsicker, 2). XR-S-2

5.4.1.4.5 Mascle tissue. - Difference in strength may be due to

the amount of muscle tissue, bodily configuration, muscle quality,

and innervation. (Hunsicker, 2). XR-S-2

5.4.1.4.6 Testing. - It is possible to test several of the

larger muscle groups of the body and get a good overall picture of

the individual's strength. (Hunsicker, 2). XR-S-2

5.4.1.4.7 Increase and decrease strength. - F_xercise, rest and

food will normally increase muscular strength while fatigue and hunger

will decrease strength. (Hunsicker, 2). XR-S-2

5.4.1.4.8 Exercise. - The exercise of one limb will increase the

strength of the contralateral limb. (Hunsicker, 2). XR-S-2

5.4.2 Weight lifting and carrying. - The preceding subsection,

5.4.1, on strength is concerned more with the static aspects of

muscular activities. This subsection shall deal more with the dynam-

ic aspect. In general static strength connotes a brief maximum

effort with a person in a relatively fixed position while dynamic

strength connotes some complex repetitive effort with the person in
a state of motion. While a clear cut distinction between static

strength and dynamic strength is not possible, it is nevertheless

necessary to make some distinction for one important reason. Namely,

data derived from studies of static muscle strength are not neces-

sarily applicable to a weight lifting and carrying situation.

(Car!ock_ 28; Hunsicker, 2). XR-S-2

_.4.2.1 Factors to consider. - The following factors shall be

considered in determining optimum weight load. (See Maintainability

5.8.7 for ideal limits.)

5.4.2.1.1 Physical size (bulk).

(a) To maintain easy portability_ the weight of a

package shall bear an inverse relation to its

size. That is, weight of large-size packagoes

shall be kept to a minimum. XR-C-2

(b) If a package is designed for one-man carry, the

package's center of gravity shall be kept as

close to the body of the carrier as possible.

The body trunk shall be allowed to maintain a

vertical position while carrying whenever pos-

sible. A m_ximum of 20 inches from the body

is advisable. (ARDCM 80-6, 29; Davis, 30;

Whitney, 31). XR-S-2
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5.4.2.1.2 Frequency of move. - As the frequency of move in-

creases_ the load carrying capability decreases. If the frequency of

move is high_ the weight of the package shall be kept at a minimum.

See table X!II. (ARDCM 80-6_ 29). XR-A-3

5.4.2.1.3 Horizontal distance. - As the distance of the carry

increases_ the load carrying capability decreases. If the package is

to be moved over long distances_ its weight shall be kept to a mini-

mum. See table XIII. (ARDCM 80-6, 29). XR-A-3

O

Table XIII.

Recommended weight limit for different distance

and frequency of movement

Occasional Movement Frequent MovementSize
or Short Distances or Long Distances

Compact

Bulky (30" per side)

Compact

from ARDCM 80-6, 29.

60 using both hands

20 using both hands

30 using one hand

35 using both hands

-- using both hands

20 using one hand

O

5.4.2.1.4 Vertical distance. - As the height to which the

package to be lifted increases_ the weight lifting capability

dscreases. See figure 37 for weight lift values. (ARDCM 30-6_ 29;

Emanual_ 32; Switzer, 33). XR-S-2

The following facts shall be considered when weight lifting is

required:

(a) Lifting force is greatest when the weight lifted

is in the same vertical plane as the body.

This force decreases sharply as the weight moves

away from the body. (Davis_ 30; Whitney_ 31).

XR-S-2

(b) There is a sharp drop in weight lift capacity in

the transition from 2 to 3 feet (roughly waist

level); a 5 percentile man can lift 139 pounds

at 2 feet and only 77 pounds at 3 feet.

(Emanuel_ 32). XR-S-2

O
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Figure 37. Vertical weight lift capacity

NOTE:

The origin of the lower limit recontmendation is unknown. Some

studies have found that, subjectively, a weight feels "heavy"

at 35 percent of the body weight, and that there is a high rise

in energy expenditure when loads in excess of 30 to 40 percent

of body weight is carried. Thirty to 35 percent of the average
body weight is about 45 pounds. (Bailey, 34; Bedale, 35;

Teeple, 36). However, as high as 75 percent of body weight has

been carried without adverse decrement in performance. (Carlock,

28; Cathcart, 37; Daniels, 38, 39; Kolnicker, 40; Tolcott; 41;
Vanderbie, 42). Weight data from Emanuel (32). Figure adapted
from Boeing D5-II136, assumed good handling surface.
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(0) Three muscle components are involved in vertical

lifting: the legs, arm-back, and arms. These

are used in different combinations depending on

the height of the lift. Objects lifted to knee

height (18 inches) involves primarily the leg

components, waist level (42 inches) involves a

combination of arm and back components, and

shoulder level (63 inches) or higher requires

all 3 components. (Switzer, 33). XR-S-2

5.4.2.1.5 Relationship to body.

(a) Wherever possible, the package shall be designed

to be carried by the upper part of the body

(waist or higher). (Kolnicker, 40; Tolcott,

41). x -s-2

(b) The package shall be designed to be carried

relative go a vertical plane of the carrier's

body. (Davis, 30; Whitney, 31). XR-S-2

5.4.2.1.6 Limb and body support.

(a) Two hands may carry twice the weight that one

hand may carry. (Hunsicker, 2; Provins, 5)-

XR-S-2

(b> Heavier loads may be lifted and carried for short

distances if some parts of the body (eg, thigh,

chest) are used for support. (Hunsicker, 2).

XR-S-2

5.4.2.1.7 Handling or gripping surface. - Suitable handles or

gripping surfaces shall be provided. See Maintainability 5.8.7 for

details on handles. XR-S-2

5.4.2.1.8 Other methods of carry. - In addition to hand carry,

there are other methods of carrying loads, eg_ back packs. The fol-

lowing shall apply for methods other than hand carry.

5.4.2.1.8.1 Back carry. - The package for back carry shall be
designed for carry by the upper part of the body (above waist).

Carriage high on the back is preferable to low pack carriage for most

p_irposes and for any load over 46 pounds: (Hale, 43; Kolnicker, 40;

Malhotra_ 44; Tolcott_ 41). XR-S-2

5.4.2.1.8.2 Thigh carry. - Thigh carry shall not be used where

energy expenditure is of an important consideration. (Kolnicker, 40;

Tolcott, 41). XR-S-2

O
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5.4.2.1.8.3 Weight distribution• - The weight of the load for

back carry shall be distributed over a wide area of the back.

(Kolnicker, 40; Tolcott, 41). XR-S-2

5.4.3 Body movement.

5.4.3.1 Requirements. - The design of equipment shall take into

consideration the degree and extent the human body can move. The

parts of the body and the normal range of motion are as listed below

with reference to their respective figure numbers. These values shall

be used wherever applicable• See Anthropometry 5.5.1.8 for other
_lo+_ _l_ f_+_ hc_ _ro _ o

(a) Body position figure 38

(b) Neck figure 39

(c) Spine figure 40

(d) Shoulder figure 41

(e) Elbow figure 42

(f) Wrist figure 43

(g) Finger figure 44

(h) Hip figure 45

(i) Knee figure 46

(j) Ankle figure 47

(k) Foot figure 48

5.4.4. Human reaction time. - Human reaction time (human lag

time) is defined as the total time required to sense a signal

(stimulus) and to make the decision and the movement appropriate to

that signal. This time lag contributes to the total operating time

of the man-machine system and its importance depends upon the effect

it has on the over-all mission of the system. If this time lag is

of critical importance to the success of the mission, the following

subsection shall be taken into consideration in system design. 0nly

simple reaction time will be considered here. In general, the data

are from ideal conditions. (Gottsdanker, 46, 47; Teichner, 48). XR-S-2
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5.4.4.1 The senses.

5.4.4.1.1 Senses used. - Any sense organ can be used for re-

ceiving a signal if the proper and adequate stimulus is given.

Generally; only three; visual; auditory; and tactual are used. The

fastest reaction times are; in order; for stimuli presented to the

ear; the skin and the eye. See figure 49. Realistically; the dif-

ferences are not significant for most applications. (Ely; 49;

Teichner; 48). XR-S-2

@

AU DITORY I

TACTUAL

VISUAL

COLD

WARMTH

ODOR

PAIN

I I I I I I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7

REACTION TIME (IN SECONDS)

Figure 49. Human time lag for seven sense modalities

NOTE:

The total man-machine response time includes the time lag of the

machine to respond to the control and the time required to com-

plete the machine response. While machine characteristics are

not the concern of this study; the designer shall consider them

in addition to the human lag time where it is important.

The illustrated reaction times are useful in making comparisons

among senses. They are not necessarily representative of reac-

tion times in a practical situation where other factors may

distract the operator.
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5.4.4.1.2 Selection.

follows :

Selection of signal mode shall be as

5.4.4.1.2.1 Visual signal. - In general, the visual channel

shall be used where the amount of information to be presented by a

single signal is large. (Woodworth, 50). XR-S-2

5.4.4.1.2.2 Auditory or tactual signal. - When the operator's

visual channel is occupied or where it is desirable to avoid head

movement in order to receive stimulus, the auditory or tactual modes

shall be used. (Ely, 49). XR-S-2

5.4.4.2 Signal (stimuli) characteristics. - _ne following sub-

time is desired.

5.4.4.2.1 Single (one) sense. - Both eyes or ears shall be stim-

ulated simultaneously for faster reaction time. (Teichner, 48).

XR-S-2

5.4.4.2.2 Two or more senses. - Two or more senses shall be

stimulated simultaneously for faster reaction time. Successive

stimufLation shall be avoided as it produces slower reaction time due

to physiological inhibition. (McCormick, 51; Teichner, 48; Vince,

52).

5.4.4.2.3 Intensity. - The intensity of the stimulus shall be

increased for faster reaction time. This applies for an intensity

above threshold to a "moderate" value; after this, reaction time may

be slowed. Magnitude and duration of a signal have a marked effect

upon reaction performance. The more intense, bright, loud, or

larger the signal, the easier it is to detect and respond to rapidly.

(Adams, 53; Bakan, 54; Broadbent, 55; Teichner, 48). XR-S-2

5.4.4.2.4 Number of receptors. - The number of receptors stimu-

lated shall be enlarged for faster reaction time; eg, increasing

amplitude of _ warning signal increases number of receptors stimulated

and increases probability of recognition. (Teichner, 48; Woodworth,

5o). x -s-2

5.4.4.2.5 St_uulus chan_e. - The amount of stimu_lus change shall

be increased for sho_ter reaction time. No more than one change shall

be used within a short period of time and the change shall be decre-

mental (reduction) rather than incremental (increase) in nature.

(Teichner, 48). XR-S-2
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5.4.4.2.6 Alerting or warning signal. - A ready or warning

signal shall precede the critical signal wherever possible. Simple

reaction time may be reduced by 40 percent. (Siegel, 56; Teichner,

48). XR-S-2

(a) Alerting signal shall precede action signal by

from 2.0 to 8.0 seconds for isolated signal

and by from 0.3 to 2.0 seconds for signals

occurring in sequence. (Leonard, 57; Woodworth,

50). XR-S-2

(b) Very short alerting period (less than 0.i second)

shall be avoided. (Ely, 49). XR-S-2

(c) Flashing rate: see 5.2.3.1.1.1 (f).

(cl) Insofar as signal frequency is controllable,

it shall be kept high. As an approximate

guide, these factors shall be considered:

(Ely, 49). XR-S-2

(i) For i to i0 signals per hour expect con-

siderable decrement in reaction behavior.

(2) For i0 to 20 signals per hour expect

moderate decrement in reaction behavior.

(3) For over 20 signals per hour expect little

decrement in reaction behavior.

5.4.4.2.7 Irrelevant signals. - Intermittent irrelevant signals

may be introduced where monitoring is required and optimal reaction

is desired. (Colquhoun, 58; Lawson, 59). XR-S-2

5.4.4.2.8 Signal discrimination. - The signal shall be easily

discriminable for faster reaction time. (Baxter, 60; Crossman, 61).

XR-S-2

5.4.4.2.9 Number of signals. - The number of signals shall be

kept to a minimum for faster reaction. As the number of signals in-

creases the time required to respond to any single one also increases.

See figure 50. (Crossman, 61; Gottsdanker, 46, 47; Hick, 62;

Saltzman, 63; Sender, 64). XR-S-2

5.4.4.2.10 Time uncertainty. - When the operator is not informed

as to when a signal will occur, his reaction time to that unexpected

signal is greater than when he knows when to expect the signal. Un-

expected signals should be avoided wherever possible. (Klemmer, 65).

XR-S-2
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Figure 50. Operator reaction time versus number of choices

@
5.4.h.2.11 Auditory signals. - In addition to the preceding

statement on auditory signals, the following shall apply specifically
to auditory signals.

(a)

(b)

(c)

An auditory signal shall be distinguished from

background noise. XR-C-2

High frequency sound shall be preferred over

low frequency sound as it is not as easily

masked and it is easier to detect. (Broadbent,
55; Stevens, 66). XR-S-2

Signals shall be at least 0.5 seconds long.

Normally, it shall continue until the appro-

priate response has been made. (Ely, h9).
XR-S-2

(d) Auditory signals shall be used when accompanying

visual tasks are liable to distract the opera-
tor. XE-C-2
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5.4.4.2.12 Visual signals. - In addition to the preceding

statements on visual signals, the following shall apply specifically
to visual signals.

(a) For light adapted eyes, visual signal shall

strike the center (fovea) of the eyes, rather

than the peripheral. (Stevens, 66). XR-S-2

(b) For dark adapted eyes, visual signals shall

strike the peripheral of the eyes. (Stevens,

66). XR-S-2

(c) Minimum duration of the signals shall be 0.5

seconds. The signal shall persist until it

has been responded. (Ely, 49). XR-S-2

5.4.4.3 Operator and decisional characteristics. - The following

subsection shall apply to the operator for optimal decision making in
reaction behavior.

5.4.4.3.1 Training emphasis. - Training of the operator shall

emphasize the preparation to respond rather than (but not to the ex-

clusion of) preparation to receive stimulation. (Mowbray, 67;

Teichner, 48). XR-S-2

5.4.4.3.2 Amount of training. - The amount of training and

practice shall be increased for shorter reaction time. (Chapanis,

68; Gibson, 69; Karpovich, 70; Leonard, 57; Mowbray, 67; Woodworth,
5o). xR-s-2

5.4.4.3.3 Simplicity of response. - The response shall be

planned and designed to be as simple and direct as possible. XR-C-2

5.4.4.3.4 Number of signals or choices. - When fast operator

reaction is required, the number of signals or choice to be reacted

to shall be kept at a minimal. In general, decision time is propor-

tional to the logarithm of the number of alternative choices. The

exceptions are as listed below. See figure 50.

(a) The signal with the greatest probability of

occurrence is reacted to more quickly. (Edwards,

71, 72, 73, 74; Goodnow, 75, 76). XR-S-2

(b) Signals in a meaningful sequence are reacted to

more rapidly. (Ely, 49). XR-S-2

(o) Signals grouped in a meaningful fashion are

reacted to more readily. (Murdock, 77; Thorpe,

78). XR-S-2

O

O j!
i

O
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5.4.4.3.5 Signal rate. - The signal shall not exceed the opera-

tor's ability. If the signal arrives at a rate too fast for the oper-

ator to handle, he can either (I) keep himself current with the new

signal by omitting a certain percentage of responses or (2) lag behind

the current signals and, by relying on his memory, hope to catch up

when the signal rate decreases. Under these conditions total failure

may result in loss of contact with incoming signals. (Cardozo, 79;

Ely, 49; Hayes, 80; Mayzner, 81; Miller, 82; Murdock, 77; Pollack,

83). xR-s-2

5.4.4.3.6 Signal channels. - The use of many signal channels

(sources) shall be avoidedo Operator performance will be better

(eg, he can handle a greater number of signals) with fewer channels

and a relatively high signal rate rather than with many channels and

a relatively low signal rate. (Conrad, 84; Ely, 49; Hayes 80).

5.h.h.3.7 Proper control-display relationship. Control-display

relationship shall be meaningful and immediately apparent for shorter

reaction delay. (Grahm, 85). See section 5.3. XR-S-2

5.4.h.3.8 Anticipatory information. - Some means of anticipatory

information; eg, ready signal, shall be provided whenever possible.

(Ely, _9; Teichner, 48). XR-S-2

5.4.4.3.9 Feedback. - Feedback concerning the operator's pro-

ficiency shall be provided to the operator wherever practical for

shorter reaction time. (Leonard, 57; Pruitt, 86). XR-S-2

5.4.4.3.10 Comfort. - The operator shall be situated in a com-

fortable operating environment or work space for shorter reaction

time. Discomfort from such factors as extreme temperature is detri-

mental to optimal reaction behavior. (Williams, 87). XR-S-2

5.h.4.3.11 Noise level. - The operator shall be located in a

work environment below 90 db. Above this critical level noise can

affect reaction behavior adversely. (Woodhead, 88, 89). See sec-

tion 5.6.3. L_-S-2

5.4.4.3.12 "Feel" of control. - The controls used shall con-

tain the minimum force consistent with proper "feel" condition. XR-C-2

5.4.4.4 Response characteristics.

5.4.4.4.1 Limbs used. - Reaction time for the various limbs

show only a small difference. These facts shall be considered in

selecting the limbs used.
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(a) When controls must be selected on the basis

of speed of activation, the following shall

be the order of selection (assuming being

right handed): right hand, left hand, right

foot, left foot. The preferred limb is about

3 percent faster than the non-preferred limb.

The feet take about 20 percent longer to

respond than the hands. (Ely, 49; Teichner,

48). xR-s-2

(b) No appreciable difference in reach time exists

for distances up to 15 inches. Controls re-

quiring fast reaction time shall be kept

within 15 inches of the operator. (Ely, 49).

XR-S-2

5.4.4.4.2 Other factors. - Response time depends also on factors

such as the complexity of the response, the work space available and

the limitation of special equipment. These are independent variables

which shall not be dealt with here. The designer shall consider such

variables and consult with the appropriate human factors engineering

group in accordance with MSFC STD 391. XR-C-2

@

@

@
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Behavioral Sci. Lab., 6570th Aerospace Med. Res. Lab., Aero-

space Med. Div., Air Force Systems Cmd., Wright-Patterson AFB,
Ohio.
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5.5 Anthr0pometr_ and work s_ace.

5.5.1 Anthropometry. - Anthropometry shall be considered as

the science of human body measurement. Such measurement shall in-

clude body dimensions (both static and dynamic), range of movement

of body members, and muscle strength. (Also see section 5.4.1)

XR-C-1

5.5.1.1 General criterion. - The selection of appropriate

dimensions for the design of equipment that will be operated or

maintained by personnel shall be considered as a critical factor in

the success of the equipment. For efficient operation, the equipment

shall match the range of the physical sizes of the personnel using

the equipment. The basic principle to be observcd shall be the

designing of equipment to suit the operator instead of selecting

operators to fit the equipment. (McFarland, l) XR-S-2

5.5.1.2 Decision factors. - Equipment dimensions and related

work area dimensions shall be determined after taking the following

into consideration: (McFarland, l) XR-S-2

(a) The physical measurements of man himself, his

size, shape and capabilities.

(b) The nature, frequency, difficulty, and duration

of the task.

(c) The general position of the body during execu-

tion of the task.

(d) The mobility requirements of the task.

(e) The existance of obstacles or projections which

would reduce usable work space dimensions.

(f) The tools, test equipment, lines, and protective

garments and devices that increases the work

space dimensions.

5.5.1.3 Specific criteria.

5.5.1.3.1 Range, - Work spaces and equipment shall accommodate

the greatest possible range of the users. This shall be interpreted

to include the range from the 5th to the 95th percentile. This per-

centile range embraces 90 per cent of all individuals in any given

population. (McFarland, i). XR-S-2. See figure 51 for meaning of

percentiles and table XIV for its relationship to population

accommodated.
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O

41

z 37
7

_D

z_ 33
I--

29
0

m

_--- _ 99TH PERCENTILE J

- t

('-- "" I-_"P-E'RC"ENTI'I'C_

-ll,l,I, II,l,I, ,I,1,1, Jill,I, , I,l,ll
20 40 60 80 100

PERCENTILES (N --!4061)

TOP OF
RANGE

95TH _
-- PERCENTILE

5TH
PERCENTILE

3.9"

BOTTOMOF LRANGE

TOTAL
RANGE 10.3"

O

THE MEANING OF PERCENTILE. PERCENTILES COMPRISETHE 100 EOUAL PARTS INTO
WHICHTHE ENTIRE RANGEOF VALUES IS DIVIDED FORANY GIVEN DIMENSION. AS AN
ILLUSTRATION, SITTING HEIGHTS OF A LARGE SAMPLE OF MEN WEREMEASUREDAND
THE VALUES DISTRIBUTED GRAPHICALLY INTO THE 100PERCENTILES ASSHOWNIN THE
GRAPHABOVE.

THE DESIGNERSHOULDDESIGNACCORDINGTO THE CONCEPT OF "DESIGN LIMITS" OR

"RANGE OF ACCOMMODATION." THIS CONCEPT, EXEMPLIFIED IN THE GRAPH, INVOLVES
THE EVALUATION OF PERCENTILE RANGES. NOTE THAT THE VARIABILITY OF THE
EXTREME 10%(THE LARGEST5%AND THE SMALLEST5%COMBINED)EXCEEDSTHE VARIA-
BILITY OF THE CENTRAL 90%, AND SODOESTHE VARIABILITY OF THE EXTREME 2%
(LARGEST 1%AND SMALLEST1%COMBINED). BY PROPER ANALYSIS OF THE DATA ON THE
USINGPOPULATION, THE DESIGNERCAN EFFICIENTLY PROVIDE PRECISELY THE ADJUSTA-
BILITY NEEDED FOR ANY DESIREDSEGMENTOF THE POPULATION.

Figure 51. Meaning of percentiles O
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Table XIV.

Factors for computing percentiles from the standard deviation*

Percent of population

Percentile Factor (S.D.) accommodated

0.5 99.5 2.576 99

1.0 99.0 2.326 98

2.5 97.5 1.960 95

5.0 95.0 1.645 90

i0.0 90.0 1.282 80

15 n _ n I n_ _

20.0 80.0 0.842 60

25.0 75.0 0.674 50

30.0 70.0 0.524 40

*Use of this table assumes a normal or near normal distribution.

For most linear measurements this is a safe assumption, however,

weight has a skewed distribution which lends to errors of esti-

mation, being too low for the smallest portion of the population

and too high for the largest portion of the population.

5.5.1.3.2 Inclusive dimensions. - Passageways, accesses, over-

head clearances, knee clearances, and safety clearances shall be

based on 95th percentile values. These dimensions that provide

clearance and must accommodate the large members of the population

shall be considered minimum design dimensions. (Morgan, 2) XR-S-2

5.5.1.3.3 Exclusive dimensions. - Reaching distances, control

movements, seating height, and openings in protective screens shall

be based upon the 5th percentile values. These dimensions that must

accommodate the small members of the population shall be considered

as maximum design dimensions. (Morgan, 2) XR-S-2

5.5.1.3.4 Adjustable items. - Seats, safety equipment, belts,

and adjustable controls shall be adjustable in the critical dimension

from the 5th to the 95th percentile. If the situation permits a

greater range, the adjustment shall cover the ist to the 99th per-

centil_ values. (Morgan, 2) XR-S-2

5.5.1.3.5 Tradeoffs. - Tradeoffs shall 5e made among alternative

tasks or body positions, but the final design shall accommodate the

5th to the 95th percentiles. Table XIV shall be employed to indicate

the loss in per cent of the population accommodated when tradeoff of

percentiles is employed. XR-C-I
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5.5.1.4 Factors affecting human-body measurements.

5.5.1.4.1 Human variability. - The human body shall be con-

sidered as highly variable in its dimensions from person to person

as a function of age, sex, race, occupation, posture, body posi-

tion and the many interactions of these variables. (Morgan, 2).

XR-S-2

5.5.1.4.1.1 Extent of variability. - It shall be recognized

that the average man is not average in all or several dimensions.

The attainment of average in one dimension shall not imply an

average for another body dimension. This principle shall be con-

sidered valid even for correlated dimensions. (Daniels, 3).

XR-S-I

5.5.1.4.1.2 Accommodation. - To accommodate the variation in

size of the potential users of equipment, the designer shall

attempt to provide for the greatest range of users from smallest

to largest. (See section 5.5.1.3.1). XR-C-1

5.5.1.4.1.3 Corrections for slump. - Static human body dimen-

sions shall be considered as based upon nude measures of subjects in

rigid and artifically erect position. Normal sitting or standing

height is significantly less than comparable erect measurements due

to a natural slump factor inherent in man. Data from static anthro-

pometric tables shall be considered as 0.8 inch less for standing

measurements and 1.75 inches less for sitting positions. (Morgan,

2). XR-S-1

5.5.1.4.2 Clothing and personal equipment. - Allow sufficient

room for personnel clothed for the full range of environments in

which the equipment must be operated and serviced. (See 5.7.2).

XR-C-I

5.5.1.4.2.1 Increment for clothing. - The use of nude body

dimensions of width, depth, and circumference shall be avoided.

XR-C-I

5.5.1.4.2.2 Heavy winter clothing. - Tables XV and XVI shall

be employed to determine increments for heavy winter flying gear

or arctic gear. (k_ite, 4; Damon, 5). XR-S-I (See section

5.5.1.6.1)

5.5.1.4.2.3 Street and winter clothing. - Table XVII shall be

employed to determine increments for street and winter clothing.

If protective garments of other types are worn, determination of

appropriate increments shall be obtained from the manufacturer or

by measurement of an appropriately sized subject wearing the

garment. (Woodson, 6; Hertzberg, 7). XR-S-I

@

@

@
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NOTE:
WEIGHTIN POUNDS,ALL
OTHER VALUES IN INCHES

WEIGHT(IN POUNDS)

1. STATURE (INT. CANTHUS)
2. EYE HEIGHT
3. ra_ Ht'I_HT r_'_a_, ,,c./_n nr_l_n! _,n_ulON_

4. SHOULDERHEIGHT(ACROM)
5. NIPPLE HEIGHT

6. KNEECAP HEIGHT (PATELLA)
7. PENALE HEIGHT
8. SUBSTERNALEHEIGHT
9. SUPRASTERNALEHEIGHT

B
10. NASAL ROOTHEIGHT
11. CHEST DEPTH
12. WAISTDEPTH
13. BUTTOCK DEPTH
14. CROTCH HEIGHT (INSEAM)

C
15. CHEST BREADTH
16. WAISTBREADTH
17. HIP BREADTH
18. GLUTEAL FURROWHEIGHT
19. KNUCKLE HEIGHT
20. WRISTHEIGHT
21. WAISTHEIGHT
22. ELBOWHEIGHT (RADIALE)
23. CERVICALE HEIGHT

D
24. SITTING HEIGHT
25. SHOULDER HT. (ACROM.XS)
26. SHOULDER ELBOWLENGTH

27. WAISTHEIGHT (S)
28. THIGH CLEARANCE HT. (S)
29. BUTTOCK-KNEE LENGTH (S)
30. BACK OF KNEE HEIGHT(S)
31. KNEE HEIGHT(S)
32. BUTTOCK-LEG LENGTH
33. FOREARM-HANDLENGTH

E
34. BIACROMIALDIAMETER
35. SHOULDERBREADTH
36. ELBOW-TO-ELBOWBREADTH
37. HIP BREADTH, SITTING
38. KNEE-TO-KNEE BREADTH
39. BREADTH OF BOTH FEET
40. ELBOWREST HEIGHT
41. EYE HEIGHT (INT.CANTHUA)

F
42. FUNCTIONAL REACH(FORWARD)
43. ARM REACH FROMWALL
44. MAXIMUMREACHFROMWALL
45. SPAN
46. FUNCTIONAL REACH(OVERHEAD)*

(S) - INDICATES MEASUREMENTTAKEN IN A
* - ADAPTED FROMWADCTR-52-321 FROM

DESIGNVALUES
(PERCENTILES)

1ST 5TH 95TH

123.1 132.5 200.8

63.1 65.2 73.1
59,2 60.8 68.6

58.4 } 60.0 67.8

51.2 { 52.8 60.245.6 47.0 53.9
11._ 1_.4 ZI._

30.6 31.6 37.4
44.0 45.6 52.1
51.3 52.7 59.9

59.4 61.0 68.9
7.6 8.0 10.4
6.3 6.7 9.5
7.2 7.6 10.2

29.3 30.4 35.7

10.4 10.8 13.4
8.9 9.4 12.3

11.3 12.1 14.4
27.9 29.0 34.3
26.7 27.7 32.4
30.1 31.0 36.1
37.7 39.1 45.0
39.5 40.6 46.4
53.7 55.3 62.9

32.9 33.8 38.0
20.6 21.3 25.1
12.8 13.2 15.4
7.4 7.9 10.4
4.5 4.8 6.5

21.2 21.9 25.4
15.3 15.7 18.2
19.5 20.1 23.3
38.2 39.4 46.1
17.0 17.6 20.2

14.0 14.6 16.9
15.9 16.5 19.4
14.5 15.2 19.8
12.2 12.7 15.4
7.0 7.2 8.8
6.8 7.0 8.2
6.6 7.4 10.8

28.5 29.4 33.5

28.8 29.7 35.0
30.9 31.9 37.3
34.1 35.4 41.7
63,9 65.9 75.6
74.8 76.8 88.5

SITTING POSITION.
WADCTR-54-520.

BODY DIMENSIONS

DISTRIBUTION
PARAMETERS

99TH MEAN S.D.

215.9 163.66 20.86

74.9 69.11 2.44
70.3 64.69 2.38

69.6 63.20 I 2.39

61.9 56.50 I 2.2855.3 50.41 2.08
LZ.I ZU.ZZ I.U3

38.7 34.52 1.75
53.5 48.71 2.02
61.5 56.28 2.19

70.7 64.95 2.39
11.1 9.06 0.75
10.3 7.94 0.88
10.9 8.81 0.82
37.0 32.83 1.73

14.1 12.03 0.80
13.3 10.66 0.94
15.2 13.17 0.73
35.5 31.57 1.62
33.5 30.04 1.45
37.1 33.52 1.54
46.4 42.02 1.81
47.7 43.50 1.77
64.6 59.08 2.31

38.9 35.94 1.29
25.8 23.26 1.14
15.9 14.32 0,69
10.9 9.24 0.76
6.8 5.61 0.53

26.2 23.62 1.06
18.8 16.97 0.77
24.0 21.67 0.99
47.7 42.70 2.04
20.7 18.86 0.81

17.4 15.75 0.74
20.1 17.88 0.91
20.9 17.28 1.42
16.2 13.97 0.87
9.4 7.93 0.52
8.7 7.60 0.38

11.5 9.12 1,04
34.4 31.47 127

36.4 32.33 1.63
38.6 34.59 1.65
43.2 38.59 1.90
77.6 70.80 2.94
90.2 82.50 3.33

HVY WINTER
CLOTHING

INCREMENT

1.9

1.4
1.4

0.6

1.3

0.6
0.6
0.3

0.5

1.8

0.7
4.4

2.5
2.4

0.4

0.4
0.4
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Table XVI

Body dimensions for body circumferences,

clothing, foot and hand

NOTE:
ALL VALUES IN INCHES

1ST

BODY DIMENSIONS

DESIGNVALUES DISTRIBUTION
(PERCENTILES) PARAMETERS

5TH 95TH 99TH MEAN S.D.

A. BODY CIRCUMFERENCES:
1. NECK CIRCUMFERENCE 13.3 13.8 16.2
2. SHOULDERCIRCUMFERENCE 40.2 41.6 49.4
3. CHEST CIRCUMFERENCE 33.7 35.1 43.2
4. WAISTCIRCUMFERENCE 26.5 27.8 37.5
5. BUTTOCK CIRCUMFERENCE 33.0 34.3 41.8
6. THIGH CIRCUMFERENCE 18.3 19.6 25.3
7. LOWERTHIGH CIRCUMFERENCE 14.2 15.1 19.6
8. CALF CIRCUMFERENCE 12.2 12.9 16.0 •
9. ANKLE CIRCUMFERENCE 7.8 8.1 9.8

10. WRISTCIRCUMFERENCE 6.0 6.3 7.5

B. CLOTHING DIMENSIONS:
11. POSTERIORNECK LENGTH 2.3 2.7 4.7
12. WAIST BACK 14.8 16.1 19.4
13. GLUTEAL ARC 9.7 10.4 13.1
14. CROTCH LENGTH 23.7 25.1 31.6
15. WAISTFRONT 12.3 13.5 17.0
16. SCYECIRCUMFERENCE 15.1 16.1 20.5
17. ANTERIOR NECK LENGTH 1._ 2.3 4.4
18. AUXILIARY ARM CIRCUMFERENCE 10.2 10.9 14.4
19. VERTICAL TRUNK CIRCUM. 58.3 60.2 69.7

20. LOWERARM CIRCUM.(FLEXED) 9.9 10.4 12.7
21. ELBOWCIRCUM.(FLEXED) 10.7 11.1 13.6
22. BICEPS CIRCUM.(FLEXED) 10.5 11.2 14.6
23. SHOULDERLENGTH 5.5 5.9 7.7
24. SLEEVE INSEAM 17.1 18.0 21.7
25. INTERSCYE 16.3 17.2 22.0
26. INTERSCYEMAXIMUM 19.8 20.7 25.1

27. BUTTOCK CIRCUM., SITTING 36.1 37.4 46.7
28. KNEE CIRCUM., SITTING 13.4 14.0 16.9

C. FOOT DIMENSIONS:
29. ANKLE BREADTH 2.61 2.70 3.19
30. ANKLE HEIGHT (MEDIAL) 3.0 3.1 3.8
31. ANKLE HEIGHT (LATERAL) 2.2 2.4 3.1
32. FOOT BREADTH 3.40 3.50 4.10
33. BALL OF FOOT CIRCUM. 8.6 8.9 10.4
34. FOOT LENGTH 9.5 9.8 11.3
35. INSTEP LENGTH 6.9 7.1 8.2
36. HEEL BREADTH 2.30 2.40 2.87

D. HAND DIMENSIONS:
37. GRIP DIAMETER (INSIDE) 1.52 1.62 2.05
38. GRIP DIAMETER (OUTSIDE) 3.58 3.72 4.44
39. FIRST PHALANX III LENGTH 2.40 2.49 2.85
40. FIST CIRCUMFERENCE 10.2 10.7 12.4
41. THICKNESSAT METACARP. III 1.00 1.05 1.28
42. FINGER DIAMETER III 0.77 0.79 0.93
43. HAND LENGTH 6.7 6.9 8.0
44. HAND BREADTH AT METACARP 3.12 3.22 3.74
45. PALM LENGTH 3.77 3.89 4.60
46. HAND BREADTH AT THUMB 3.59 3.73 4.42
47. DIGIT TO CROTCH HEIGHT 3.79 3.99 5.01
48. THUMB THICKNESS 0.66 0.69 0.84
49. THUMB LENGTH 1.92 2.03 2.61

16.8 14.96 .74
51.5 45.25 2.43
44.8 38.80 2.45
40.1 32.04 3.02
43.5 37.78 2:29
26.4 22.39 1.74
20.9 17.33 1.41
16 7 14.40 0.96
i0.5 8.93 0.57
7.8 6.85 0.40

5.2 3.64 0.61
20.2 17.72 1.07
14.8 11.71 1.07
33.5 28.20 2,00
18.1 15.24 1.12
21.8 18.09 1.38
4.9 3.40 0.64

15.2 12.54 1.10
71.7 64.81 2.88
13.3 11.50 0.73
14.3 12.26 0.80
15.4 12.79 1.07
8.1 6.77 0.56

22.6 19.83 1.14
22.9 19.62 1.40
26.0 22.85 1.33
49.3 41.74 2.82
17.7 15.39 0.92

3.32 2.95 0.15
4.0 3.45 0.21
3.3 2.73 0.22
4.36 3.80 0.19

10.8 9.65 0.48
11.6 10.50 0.45

8.4 7.64 0.34
3.01 2.64 0.15

2.16 1.90 0.14
4.57 4.09 0.21
2.95 2.67 0.12

12.0 11.56 0.57
1.39 1.17 0.07
0.96 0.86 0.05
8.3 7.49 0.34
3.86 3.48 0.16
4.74 4.24 0.21
4.57 4.07 0.21
4.21 4.50 0.31
0.87 0.76 0.05
2.- 2.32 0.17

HVY WINTER
CLOTHING

INCREMENT

9.1

6.0

1.2

2.7

0.3

0.4

O
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Table XVI!

Effect of various types of clothing on

human body dimensions

ALLDIMENSIONSINPARENTHESESARENEGATIVEVALUES

O

DIMENSION

WEIGHT

STATURE

VERTICALREACH

EYEHEIGHT,STANDING
CROTCHTO FLOOR

"FOOTLENGTH

FOOTWIDTH

HEADLENGTH

HEAD WIDTH

HAND LENGTH

HAND WIDTH

HAND THICKNESS

FISTCIRCUMFERENCE

STREETCLOTHES

MEN [ WOMEN

5 LB 3_ LB
1 IN Vz-3_ IN

i _'z-J_

1 1/z-3_
1 1/z-33_

II_

Fz-h !,_-(-V_)b
I

i

WINTERCLOTHES

MEN

10LB

] IN

1
1

1

!_z-1

c

_c

1

HEAVY
t FLIGHT

WOMEN CLOTHING

I 7 LB 12-15LB!Z2--33_IN 3 IN

'_z-JJ/4 i

!_-33/4 1

1_3_ 1

l_.q_ 1

_-_ 3_

4_

SHOULDERWIDTH _ _ 2-3 1 l!_z
HIP WIDTH _z _,_ 2-3 1 1_

ELBOW-TO-ELBOWWIDTH _ 1_ 2-3_ 1-11_z 1

THIGHCLEARANCE 1_ _ 1 3,/4 2

FOREARM-TO-FISTLENGTH _ l_ _,_ _ 1

° CERTAINPRESSURIZEDGARMENTSAREDESIGNEDFORSEATEDPOSITIONANDTHEREFORE
SHORTENCERTAINDIMENSIONS.THEHELMETHOWEVER,TENDSTO RISEUNDERPRESSURE.
THISIS PROVIDEDASANAPPROXIMATIONTO"SCAPE" EQUIPMENTDIMENSIONS.
WOMEN'SDRESSSHOESCONFINEANDSHRINKFOOTWIDTH.

ANARMYSTEELHELMETISAPPROXIMATELY12BY t0_ INCHES.

PRESSURESUITSo

UNPRES- PRES-
SURIZED SURIZED

21LB 21LB

31/_IN 2_ IN

(-25) (-i6!_)

(-3_) 2S
(-1) (-1)

] I

4_ 4_

4_ 4_

1

lY_ 3

1

1 23/,i

6 9

1_ 2

1_ 5_

TYPICALFLIGHTHELMET
DIMENSIONALCHARACTERISTICS:

A B C D

LOMBARD 1.25 1.00 2.60 1.55

MA-2 1.45 1.40 1.80 2.15

P--4 1.25 1.25 2.13 1.73

A .--._

",-D --_-B

O
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5.5.1.4.2.4 Increments for heavy clothing. - For sitting height

measurements 0.2 to 0.3 inch shall be added for heavy clothing.

(Damon, 5) XR-S-1

5.5.1.4.2.5 Increment for shoes. - Use of nude standing heights

shall be avoided. An increment of i inch for regular shoes shall be

added to all standing heights. (Morgan, 2) XR-S-I

5.5.1.4.2.6 Increment for headgear. - Additional increment shall

be made where headgear is required or is typically worn by personnel.

The size of these increments will depend upon the type of headgear

worn. XR-C-I See table XVII.

5.5.1.4.2.7 Increment for handwear. - Additional increment shall

be made where gloved hand is required to perform task. Size of in-

crements shall be obtained from figure 52. XR-C-2

5.5.1.5 Determination of anthropometric data. - In order to

insure maximum validity and reliability of data, the following re-

quirements shall be observed: XR-C-I

5.5.1.5.1 Validity of anthropometric data. - The groups actually

measured for anthropometric data or the table selected for body dimen-

sions shall be representative of the equipment user. See section

5.5.1.4.1 for human variability and the necessity for specifying the

several variables that make up the population in question. (Morgan, 2)

XR-S-2

5.5.1.5.2 Reliability on anthropometric data. - When groups are

actually measured for anthropometric data, the sample size shall be

a minimum of 50 persons in order to insure reliability of data.

(Morgan, 2) XR-S-2

5.5.1.5.3 Standardization of anthropometric data. - Measuring

techniques, tools, and statistics employed shall be specified and

standard in order to insure comparability of anthropometric data

from differing sources. (Morgan, 2) XR-S-2 See figures 53 and 54

for measuring techniques and applications.

5.5.1.6 Static human body dimensions. - Static dimensions are

based upon nude measures of subjects in rigid and artifically erect

positions. XR-C-I

5._.i.6.1 Application. - Tables XV, XVI, and figures 53 and 54

shall be employed to obtain the central 98 per cent of the range for

94 commonly used body measurements. Dimensions are given for the

ist, 5th, 95th, and 98 percentiles as well as the mean (50th percen-

tile) and standard deviation. (Hertzberg, 7) XR-S-I

@

@

@
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NOTE:

ALL DIMENSIONS
IN INCHES

LIGHT GLOVE C

HAND
ATTITUDE

:FLA[ FIST;

10.3 7.0

GRASPING
HANDLE

(DIAMETER)

.25" 1" 2"

7.0 7.0 7.5

GRASPING
KNOB

(DIAMETER)

4.5 5.0 5.0 5.0 4.5 3.8 J.b 3.7

2.5 3.3 3.5 3.5 4.2 4.3 4.0 3.7

@

@

_,_":_ HEAVY GLOVE

._ _LD MITTEN

A 10.5 7.3 7.3 7.3 8.0 9.0 9.0 9.2

B 5.5 5.8 5.5 5.3 4.7 4.6 4.5 4.5

C 3.0 3.7 3.5 4.0 4.0 4.0 4.0 4.2

A 14.0 11.5 11.0 11.0 12.0 11.5 12.0 12.5

B 5.8 5.8 5.7 5.2 5.2 5.0 5.0 4.6

C 3.2 3.8 4.2 4.5 4.7 4.2 4.0 4.4

,.J_ HEAVY MITTEN
A 16.4 14.3 14.0 14.7 15.0 15.5 15.8 16.0

B 5.2 5.2 5.5 5.2 5.4 4.8 4.8 4.7

C 3.2 5.4 4.5 4.5 5.0 4.5 4.8 4.5

Figure 52. Gloved hand
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Figure 53. Points of measurement for body dimensions
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Figure 54. Points of measurement for body

dimensions (extremities)
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5.5.1.6.2 Standard deviation. - The standard deviation (S.D.)

shall serve as an indicator of variability between measurements within

the sample. A small S.D. shall indicate a small range. If the dis-

tribution is normal or bell-shaped, the 5th and 95th percentile values

shall be derived from the mean plus or minus 1.65 S.D. (Senders, 8)

XR-S-1

5.5.1.7 Dynamic human body dimensions. - Dynamic body dimensions

shall include those measurements that vary with body movements. These

measurements shall be differentiated from static dimensions which

shall be measured with the subject in rigid standarized position. See

figure 55. Dynamic measurements shall include those made with subjects

in various working positions and functional arm and leg reaches.

(Morgan, 2) XR-S-1

5.5.1.7.1 Working positions. - Three working positions shall be

considered as critical elements in the design of spatially restricted

areas where ground support personnel often perform their tasks. These

are the kneeling, crawling and prone positions. (Morgan, 2) XR-S-2

5.5.1.7.1.1 Kneeling. - Measurements for the kneeling position

shall be taken with the knees and feet together, fist clenched and on

the floor in front of knees, arms vertical, and head in line with the

long axis of body as shown in figure 55. Kneeling dimensions for the

5th, 50th and 95th percentile shall be obtained from table XVIII.

(Hertzberg, 9) XR-S-I

5.5.1.7.1.2 Crawling. - Measurements shall be made with subject

resting on his knees and flattened palms, arms and thighs vertical,

feet extended, and head in line with long axis of the body as shown

in figure 55. Crawling dimensions for the 5th, 50th, and 95th per-

centile shall be obtained from table XVIII. (Hertzberg, 9) XR-S-I

5.5.1.7.1.3 Prone position. - Measurements shall be made with

subject lying in prone position with feet together and extended,

arms extended forward, and fists clenched as shown in figure 55.

Prone position dimensions for the 5th, 50th and 95th percentile

shall be obtained from table XVIII. (Hertzberg, 9) XR-S-I

5.5.1.7.2 Functional arm reach. - Functional arm reach dimen-

sions shall be considered as critical in the design of outer limits

of work place for placement of controls, tools or materials to be

handled. (Morgan, 2) XR-S-2

5.5.1.7.2.1 Vertical reach, seated. - Measurements shall be

made with subjects seated (seat back angle 13 degrees), right arm

and hand fully extended, and with both shoulders against backrest

as shown in figure 56. Maximum distances which can be reached by

97 per cent of a navy pilot population shall be obtained from the

same figure. (King, i0) XR-S-I

@

@
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Figure 55 Dynamic human body positions

Table XVIII.

Working-Position Dimensions of Male Air Force Personnel

DIMENSION

KNEE'.ING

HEIGi-IT

LENGTH

CRAWLING

HEIGHT

LENGTH

PRONE

HEIGHT

LENGTH

5TH

29.7

37.6

PERCENTILES(IN.)

26.2

49.3

12.3

84.7

50TH 95TH

32.0 34.5

43.0 48.1

28.4 30.5

53.2 58.2

14.5 16.4

90.1 95.8

S.D.

1.57

3.26

1.30

2.61

1.28

3.41

HERTZBERG, 9
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- 52

- 46

- 40

- 34_

W
- 28o

- 22_

-16_

-10_-

-4

--8

I--

0

0

Ii-

e_

I--

I

o
.._1
ILl

MAXIMUMDISTANCES WHICH
CAN BE REACHED BY 97%OF
THE POPULATION* AT EACH
POSITION. THE ELLIPTICAL
ARCSINDICATE THE MAXI-
MUM BOUNDARIESOF THE
WORKINGAREA FOR OPERA-
TION OF MANUAL CONTROLS
(AT RIGHT ANGLES FROM0°
TO 105° TO THE RIGHT) FOR
THIS GROUP. SEAT BACK
ANGLE 13°.

* 139 NAVY PILOTS &
NON-PILOTS

I I I I I
0 10 20 30 40

HORIZONTAL DISTANCE(IN) VERTICAL
THROUGHSEAT REFERENCE POINT

0o30 - 26"----, 15° /--10" & 28" - 30
_i_ 16" '_' _ /

,o- ,so,o
I'-- _LUl

16 10" 40

MAXIMUMDISTANCESWHICHCAN BE REACHED BY 97 PER CENT OF THE POPULATION AT
EACH POSITION. THE ELLIPTICAL ARCS INDICATE MAXIMUMBOUNDARIESFOR THIS
GROUPFOROPERATION OF MANUAL CONTROLSAT VARIOUSHORIZONTAL LEVELS.
SEAT BACK 13° FROMVERTICAL.

Figure 56. Vertical and horizontal reach distances
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5.5.1.7.2.2 Horizontal reach, seated. - Measurements and pre-

sentation of data are identical to section 5.5.1.7.2.1. (King, i0)
XR-S-I

5.5.1.7.2.2.1 Push buttons. - Push buttons shall be located up

to a maximum of 2.5 inches beyond the 5th percentile grasp reach

envelope. (Ker_nedy, ii) F_-S-I

5.5.1.7.2.2.2 Lever controls. - The entire range of a lever's

travel shall fall within the 5th percentile grasp reach envelope.

XR-C-I

5.5.1.7.2.2.3 Infrequently used devices. - Infrequently used

other flexible mounting shall be located at the outer limits of the

reach envelope. XR-C-I

5.5.1.7.2.2.4 Reduction of reach. - All possible conditions re-

sulting in a reduction in functional reach shall be considered in

the location of manipulated controls. Analysis shall include the

following: XR-C-I

(a) Bulky garments that reduce joint movement

and reduce clearances so that contact

with consoles, desks, and writing materials
restrain free movement.

(b) Necessity to manipulate widely spaced

controls with both hands at approximately

the same instance.

(c) Torques, pressures, or pulls required to

manipulate the control.

5.5.1.7.2.3 Forward reach, standing. - Measurements shall be

obtained _ith subject standing erect, heels, buttocks, and shoulders

against a wall, right arm extended horizontally to its maximum

length, and tips of thumb and forefinger pressed together as shown

in figure 57. Forward reach dimensions in the standing position

for the ist through the 99th percentiles (male Air Force personnel)

shall be obtained from table XIX. (Hertzberg, 9) XR-S-I

5.5.1.7.2.4 Overhead reach, standing. - Measurements shall be

obtained with subject standing erect, and grasping a bar which he

raises to the highest position attainable without strain as shown

in figure 57. Overhead reach dimensions in the standing position

for the Ist through 99th percentile (male Air Force personnel) shall

be obtained from table XIX. (Hertzberg, 9) XE-S-I

@
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O

/

FORWARDREACH,
STANDING

OVERHEAD REACH,
STANDING

Figure 57. Dynamic reach, standing.

Table XIX.

Functional Arm Reach (Standing) of Male Air Force Personnel

REACH

FORWARDI

OVERHEAD2

1ST

28.8

5TH

29.7

76.8

PERCENTILES (IN.)
50TH 95TH

32.3 35.0

82.5 88.5

99TH

36.4

S.D.

1.60

3.33

HERTZBERG, 7

HERTZBERG, 9
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5- 5.1.7.2.5 Unrestrained seated reach envelope. - The Kennedy

data as presented in table XX shall be considered as information

that most nearly duplicates the unrestrained work posit_on that per-

mits normal rotation of the shoulders and bending from the waist.

Measurements for the Kennedy data were obtained under the restraint

of an inertia (reel shoulder-harness) system, and shall be considered

as a conservative estimate of the reaches possible without restraint.

(Kennedy, ll) XR-S-2

5.5,1.8 Range of movement of body members. - The range of joint

motion shall be considered to vary from person to person for struc-

tural reasons and as a function of age, sex, body build, occupation,

posture, and body position. (Morgan, 2) XR-S-2

5.5.1.8.1 Joint movement measurement. - Joint motion shall be

measured at the angle formed by the long axes to two adjoining bo!y

segments, or at the angle formed by one body segment and a vertical

or horizontal plane. (Morgan, 2) XR-S-2

5.5.1.8.1.1 Movement at the joint of the neck. - See 5.4.3.1.

5.5.1.8.1.2 Movement at the joints of the hand and arm. - Move-

ment at the joints of the hand and arm shall be measured as shown in

figure 58. Range of various movement at the joints of the hand and

arm shall be obtained from table XXI. (Barter, 12) XR-S-2

5.5.1.8.1.3 Movement at the joints of the foot and leg. -

Movement at the joints of the foot and leg shall be measured as shown

in figure 59- Range of various movement at the joints of the foot

and leg shall be obtained from table XXII. (Barter, 12) XR-S-2

5.5.1.9 Estimation of correlated measures. - Correlation co-

efficients shall be employed to derive an estimate of an unknown or

unavailable body dimension. The correlation coefficients for many

of the commonly used measurements shall be obtained from table XXIII.

(Anthropometry Project-Antioch College, 13) XR-S-I
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Table XX.

Meansand standard deviations of linear distances
from srp within the minimumgrasping-reach envelope

200

LEVEL

SRP 5 I0 15 20 25 30 35 40 45

*N= 2O

X _,

L165 SD

L150 X 12.36
SD 2.83

L135 X 11.44
SD 2.77

X 10.67
L120 SD 2.69

LI05 X 10.54
SD 2.70

L 90 X 15.70 14.49 11.29
SD 3.17 2.34 2.73

L 75 X 17.57 15.83 11.78
SD 3.03 2.61 2.86

L 60 X 20.97 21.63 21.04 19.03 16.99 12.75
SD 2.54 2.74 2.79 2.95 2.63 3.09

L 45 X 23.50 23]3 23.14 21.08 18.28 13.80
SD 2.49 2.61 2.63 2.92 3.04 3.08

L 30 X 23.66 25.34 25.63 24.83 22.85 19.86 15.23
SD 2.91 2.10 2.15 2.40 2.81 3.10 3.47

L 15 X 25.74 26.88 26.98 26.30 24.54 21.49 16.65
SD 2.67 2.01 1.96 1.96 2.24 2.59 3.47

Oo X 28.58 28.65 28.86 28.13 26,00 23.01 18.43
SD 2,47 2.12 1.97 2.10 2.26 2.62 3.19

R 15 X 30.54 30.60 30.81 29.99 27.66 24.80 20.11
SD 2.23 2.12 2.10 2.07 2.56 2.59 3.15

R 30 X 26.13 29.38 31.60 32.34 32.10 31.11 29.05 26.38 21.35
SD 2.07 2.07 2.12 2.00 2.00 2.07 2.20 2.60 3.54

R 45 X 21.95 27.53 30.36 32.31 33.06 33.24 32.25 30.39 27.64 22.83
SD 2.45 2,04 1.98 1.77 2.09 1.77 1.99 2.01 2.33 3.48

R 60 X 22.33 27,55 30.74 32.39 33.26 33.38 32.29 30.65 27.84 23.48
SD 2.12 1.75 1.51 1.77 1.51 1.51 1.68 1.82 2.15 2.49

22.25 27.64 30.68 32.55 33.41 33.55 32.63 30.88 28.09 23.81R 75 D 2.35 1.71 1.46 1.58 1.48 1.40 1.57 1.78 1.87 2.38

22.06 27.23 30.48 32,21 33.39 33.33 32.71 30.98 28.05 23.80R 90 D 2.38 27.03 1.52 1.82 1.51 1.b4 1.57 1.69 2.01 2.79

R105 X 21.64 27.03 29.98 32.05 33.04 33.40 32.65 30.86 28.35 24.18
SD 2.22 1.70 1.49 1.39 1.80 1.58 1.56 1.78 1.97 2.33

R120 X 20.40 26.14 29.31 31.23 30.34 23.74
SD 2.04 1.95 1.55 1.68 1.88 2.18

R135 X 18.86 25.41
SD 2.52 1.97

R150 X
SD

R165 X
SD

180o X
SD
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,,,_,._,, '._"'_-"n' '. I_,_-_ ,' ,. I / ! \

WRISTABDUCTION (A), FOREARMSUPtNATION(A),
i i ADDUCTION(B) PRONATION (B)

WRISTFLEXION (A),
EXTENSION(B)

ELBOWFLEXION

_J

\

',,,,_

SHOULDERADDUCTION (A), ' "'__..',._, I 1

ABDUCTION(B) <_ I 1

SHOULDERROTATION, LATERAL (A)
MEDIAL (B)

Figure 58. Movement at the joints of the hand and arm
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Table XXI.

Rangeof movementat the joints of the
hand and arm of male Air Force personnel

O

MOVEMENT1

WRI.STFLEXION

WRISTEXTENSION

WRISTADDUCTION

WRISTABDUCTION

FOREARMSUPINATION

FOREARMPRONATION

ELBOWFLEXION

SHOULDERFLEXION

SHOULDEREXTENSION

SHOULDERADDUCTION

SHOULDERABDUCTION

SHOULDERROTATION

MEDIAL

LATERAL

RANGE(DEG)

AVG S.D.

90 12

99 13

27 9

47 7

113 22

77 24

142 10

188 12

61 14

48 9

134 17

97 22

34 13

O

1BARTER,12

2O2
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!

l I

ANKLE EXTENSION(A)'
FLEXION (B)

KNEE FLEXION,
KNEELING

'II KNEE FLEXI()N, PRONE II

,- I _

/'--_'I_'_ ANKLE ABDUCTION (A), .,,/L.__
/ _ / ADDUCTION(B) " I_--_ '

KNEE FLEXION,

'_] HIP FLEXION

I..iIi, (
/

HIP ROTATION,
SITTING,

r- -j LATERAL (A),_I ' ' I MEDIAL(B)HIP ADDUCTION(A),
ABDUCTION(B)

STANDING

_J

KNEE ROTATION,
MEDIAL (A),

(_ATERAL (B) _7,._

HIP ROTATION,
PRONE,
MEDIAL (A),
LATERAL (B)

Figure 59. Movement at the joints of the foot and leg
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Table XXII.

Rangeof movementat the joints of the
foot and leg of male Air Force personnel

O

MOVEMENT1

ANKLE FLEXION

ANKLE EXTENSION

ANKLE ADDUCTION

ANKLE ABDUCTION

KNEE FLEXION

STANDING

KNEELING

PRONE

KNEE ROTATION

MEDIAL

LATERAL

HIP FLEXION

HIP ADDUCTION

HIP ABDUCTION

HIP ROTATION(SITTING)

MEDIAL

LATERAL

HIP ROTATION(PRONE)

MEDIAL

LATERAL

RANGE

AVG

35

38

24

23

113

159

125

35

43

113

31

53

31

30

39

34

(DEG)

S.D.

7

12

9

7

13

9

10

12

12

13

12

12

10

10

1BARTER, 12
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5.5.2 Work space. - The careful design of the work space

envelope shall be considered as one of the critical factors neces-

sary for the attainment of an optimal man-machine interface. _-C-I

5.5.2.1 General considerations. - The layout and design of

equipment shall be such that the operator or technician is able to

accomplish all of the necessary functions related to or involved in

the task. XR-C-1

5.5.2.1.1 Decision factors. - The layout and design of equip-

ment shall always be preceded by a task analysis of sufficient

thoroughness to determlne: (Rigby, !h; MeFarland, 15). XR-S-2

(a) Specific points where the operation is carried

out.

(b)

(c)

The approximate body positions normally assumed

to perform the operation.

The space and clearance requirements necessary

to accommodate the body positions and movements

required by the operation.

(d) The requirements for access or passage to the

work point.

(e) The size and weight of tools and other needed

equipment that will be carried to the work

point.

(f) The existence of environmental conditions that

would require protective garments and devices.

(g) Space requirements for the manipulation of the

items involved in the operation; eg, fasteners,

tools, modules, covers, and test instruments.

(h) Light and space requirements to enable the

technician to see and control the manipulations.

(i) The existence of electrical, chemical, thermal,

or mechanical hazards which require additional

clearances for safety.

(J) Passage through the space of other equipment,

vehicles, or loads not involved in the specific

operation of that work point.

213
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(k) Reductions of usable space caused by doors,

shelves, covers, and other protuberances open-

ing into the workspace, as well as those re-

ductions resulting from test equipment, tool

boxes, and workstands brought into the area.

5.5.2.1.2 Posture chan_e. - The workspace shall allow the

technician to change posture if the task requires kneeling, crawling,

or crouching for a prolonged period of time. (Morgan, 16; Ely, 17).

XR-S-2

5.5.2.1.3 Safety. - Provisions shall be made to protect the

technician from the hazards enumerated in section 5.7.3.

5.5.2.1.4 Equipment. - The following aids shall be provided at

the work place to assist the technician wherever possible. (Rigby,

i4). x -s-2

(a) Auxiliary hooks, holders, lights, outlets,

stands or shelves.

(b)

(c)

Low cabinets, mirrors, or open spaces necessary

to allow visual contact with related displays,

moving parts, and other hazards.

Features which facilitate or permit communica-

tion between operation team members.

5.5.2.2 Walking surface requirements. - The following walking

surface requirements shall be observed.

5.5.2.2.1 Traction. - Non-skid surfaces, expanded metal flooring,

or abrasive coatings shall be provided on all surfaces which may be

used for walking, climbing, or footholds. (Rigby, 14). XR-S-2

5.5.2.2.2 Slope. - These surfaces shall be perforated or sloped

to provide drainage and shall be durable enough to resist wear without
becoming slippery. (Rigby, 14). XR-S-2

5.5.2.2.3 Equipment surfaces. - The top surfaces of equipment

that may be used as work stands shall be provided with a non-skid

surface and reinforced if necessary. (Rigby, 14). XR-S-2

5.5.2.3 Standing operations.

5.5.2.3.1 Display height. - Visual displays on vertical panels

shall be mounted in an area of adequate vision. Displays shall not

extend more than 80 inches above the standing surface nor shall they

be located below 40 inches above the standing surface. Indicators

O
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requiring precise reading shall be placed no more than 64 inches

above the standing surface nor less than 48 inches above the stand-

ing surface. See figure 60. (Morgan, 16). XR-S-I

5.5.2.3.2 Control dimensions. - Controls mounted on vertical

panels shall be located between 30 inches and 70 inches above the

standing surface. (Ely, 17). XR-S-2

5.5.2.3.2.1 Precise controls. - Precise controls and those fre-

quently operated shall be located between 40 inches and 64 inches

above the standing surface. (Ely, 17). XR-S-2

5.5.2.3.2.2 Control reach. - The operator should have to reach

across less than 18 inches of workspace to manipulate the controls.

(Squires, 18; Barnes, 19). See figure 60. XR-S-1

5.5.2.3.3 Clearance. - Clearance between vertical panels and

walls or other vertical surfaces shall be at least 30 inches. If

the work space is also used as a corridor ample clearance shall be

provided to permit passage without interference. (Rigby, 14).
XR-S-2

5.5.2-4 Seated operations.

5.5.2.4.1 Sloped surface. - When continuous monitoring or con-

trol is required of a seated operator, controls and displays shall

be mounted on a sloped console surface. See figure 61. (Woodson,

20; Morgan, 16). XR-S-2

5.5.2.4.2 Panel heig_ht. - For normal seated operations, the

slope of the control-display panel shall be 13-15 ° from the vertical

panel height. (Morgan, 16). XR-S-2

5.5.2.4.2.1 Console height. - If direct line of sight beyond

the console is required the console shall extend less than 30 inches

above the seating point for seated operators. See figure 61.

(Woodson, 20). XR-S-I

5.5.2.4.3 Arm reach. - The location of controls and displays

along the horizontal axis of the panel shall be such that they are

within comfortable reach of the operator. See figure 61. Maximum

width for displays shall be 60 inches and 44 inches for controls.

(Ely, 17). XR-S-2

5.5.2.4.4 Writing surface. - A writing surface at least 14

inches and not more than 16 inches in depth shall be provided if

record keeping and writing are required. (Rigby, 14). XR-S-2
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5.5.2.4.5 Knee room. - Knee and foot room adequate for the

95th percentile user shall be provided beneath the console panel

surface. Minimum dimensions shall be 26 inches high, 20 inches wide

and 18 inches deep. If a footrest is provided, the height require-

ments shall be determined from that point. See figure 62. (Rigby,

14). XR-S-2

5.5.2.4.6 Desk tops. - Desk tops, writing surfaces and other

seated work surfaces shall be 30 inches above the standing surface.

If other considerations make this rule impractical, the minimum height

may be as low as 28 inches and the maximum allowable height shall be

31 inches, provided the minimal knee clearance height is maintained.

See figures 61 and 62. (Woodson, 20; Rigby, 14). XR-S-2

5.5.2.4.7 Seatin_ height. - Seat or chair tops shall be a mini-

mum of 7 inches below the overhanging console surface or desk top

under surface. A minimum of 4 inches of vertical adjustment shall be

provided. If cushioned seating is provided the compression of the

cushioning material shall be compensated for. See figure 62.

(Woodson, 20; Rigby, 14). XR-S-2

5.5.2.4.8 Arm rests. - Arm rests shall be provided at all con-

soles. The rests shall either be a part of the console or be a part

of the operator's chair. See figure 62. Arm rests which are part

of the console shall project at least 8 inches and preferably 12

inches horizontally from the front of the console. Arm rests on the

operator's chair shall be a minimum of 2 inches wide and i0 inches

long and shall support the arm in the same plane as the writing surface

of the console. (Rigby, 14). XR-S-2

5.5.2.5 Sit or stand operations. - All sit or stand operations

shall have the following requirements:

(a) Cabinets, consoles, and work surfaces requiring

the operator to stand close to the front surface

shall have a toe space at the base 4 inches high

and 4 inches deep. See figure 60. XR-C-I

(Rigby,14). XR-S-2

(b) The slope of the console and general design shall

be as in figure 61. (Morgan, 16). XR-S-2

(c) Handles on cabinets and console shall be recessed

when practical to eliminate projections on the

cabinet surfaces. X_R-C-2

O
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0

CHAIR DIMENSIONS:

ARM RESTS:

A. Length:
B, Width:

C. Height:

D. Separation:
SEAT:

E. Width:

F. Height:
G. Depth:

BACK REST:

H. Space:
I. Height:
J. Maxcurve:
K. Width:

FOOTRESTS

(where required):
L. From center
M. Width:

N. Length:

FIXED

10"

2"

8.5"

IB"

16"

18"
16"

it

15"
4"

t6"

v_

6"

10"

ADJUST' REQUIREMENTS

MINIMUMCLEARANCE REQUIREMENTS:
_+ 2" O. Kneehole depth:

P. Kneehole width:

_+ 2.5" Q. Kneehole height:
R. Desk to walt;
S Lateral work clearance:

(1) Shoulders:

+_ 2" (2) Elbows:
!3) Best overall:

DESK OR WORKSURFACEDIMENSIONS:
+ 2"
- T. Height of werk surface:

U. Widthof work surface

(1) Elbow rest alone:
t2) Writing surface:
(3) Desk work area:

V. Length of work area:

Figure 62.

FIXED

18"

20"
26"

32"

23"
25"
40"

MIN

29"

4"

12"

30"

ADJUST._

BEST

30"

16"
36"

*Adjustment range. Adjustability is preferredfor these dimensions.

Desk and chair dimensions
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(d) Seating for sit stand operations shall be 34

inches with plus or minus 3 inch adjustment

range. A foot rest shall be provided 16 inches

above the standing surface. If an adjustable

foot rest is provided, the range of adjustment

shall be plus or minus 4 inches. Footrests pro-

vided on seating or sit or stand operations

shall be in accord with the requirements for

chair seat height. (Morgan, 16; Ely, 17).

XR-S-2

5.5.2.6 Passageways.

5.5.2.6.1 Decision factors. - Passageways shall be designed to

expedite the flow of traffic. Some design factors to be considered

are: (Woodson, 20). XR-S-2

(a) The maximum traffic load at any one time.

(b) Adequate illumination and intelligible indentifi-

cation of exits and entrance.

(c) The number and location of entrances and exits.

5.5.2.6.2 Passage width. - Passageways shall be free of obstruc-

tions. The minimum width of a passageway shall be 24 inches if there

is no likelihood of personnel passing each other. If passing facing

each other, the minimum width shall be 30 inches, with a 36 inch width

or greater preferred. If the personnel must pass abreast, the

minimum width shall be 42 inches and the preferred width 54 inches.

See figure 63. (Rigby, 14; Morgan, 16). XR-S-2

5.5.2.6.3 Clearance. - The following clearance dimensions shall

be observed: (Morgan, 16). XR-S-2

(a)

(b)

The minimum overhead clearance height shall be

80 inches. See figure 63.

Where doors open into a passageway or corridor,

the corridor shall be the width of the door

plus 30 inches. If the door opens only in the

end of the corridor, the corridor width shall

be the door width plus 15 inches.

(o) Corridors through which trucks, dollies, or

other vehicles pass shall allow space for the

vehicle plus i0 to 15 inches clearance on each

side.

@
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Figure 63.

I

2 MEN PASSING FACING

_ A I 36" ADEQUATE.30" MIN.

2 MEN PASSING ABREAST

I 54" ADEQUATE.A 42" MIN.

CATWALK

A

80" MIN UPRIGHT.
B

63" MIN CROUCHING.

32" MIN BULKY PROTECTIVE

CLOTHING.
24" MIN LIGHT CLOTHING.

15" MIN BULKY PROTECTIVE
C CLOTHING.

12" MIN LIGHT CLOTHING.

Work space requirements
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5.5.2.7 Horizontal work surfaces.

5.5.2.7.1 General. - The arrangement of horizontal work surfaces

shall be such that all critical or precise controls lie within the

normal area (the area that can be conveniently reached with a sweep

of the forearm when the upper arm is in a normal position). All con-

trois shall be within the limits of the maximum reach. See figure

64. (Squires, 18; Barnes, 19). XR-S-2

@

NORMALAREA PROPOSED

BY SQUII --""-"-- "'...,-.._-"- _ "'"

MAXIMUM(LEFT) /
NORMAL

I
I

I
I

!

/
/

59

(RIGHT) I

\ \\ \ \\ 15152i

! @

AFTERSQUIRES
MRLNO.275-56 0 1.8" 6.2...9.6"'13.0 16.219.221.2 24.5

65°

Figure 64. Horizontal work areas

@
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5-5-2-7-2 Work surface height.

5.5.2.7.2.1 Standing operations. - For standing operations the
height of horizontal work surfaces shall be two to four inches below

the elbow, the optimum height being 42 inches. (Ellis, 21; Barnes,
19).

5.5.2.7.2.2 Seated operations. - Horizontal work surfaces for

seated operations shall be 30 inches above the standing surface or

foot rest. Deviation of +i inch shall be tolerated if other condi-

tions make the above criteria impracticable. (Barnes, 19). XR-S-2

5.5.2.8 Access openings. - Access openings and hatches for per-

sonnel shall be determined _nm _/re _- (_hv I_- Won_ _n_

XR-S-2. The absolute minimum in dimensions for various access open-

ings shall be as follows: (Rigby, 14). XR-S-2

(a) Rectangular vertical access openings and hatches

shall be an absolute minimum of 18 inches square.

(b) Circular vertical access openings and hatches
shall be an absolute minimum of 18 inches in

diameter.

(c) Horizontal rectangular access openings and hatches

shall be an absolute minimum of 18 inches wide

and 15 inches high.

Circular horizontal access openings and hatches

shall be an absolute minimum of 18 inches in

diameter.

(e) Crawl through pipes or passages shall be an abso-

lute minimum of 25 inches square or 25 inches in
diameter.

All above dimensions are for lightly dressed personnel. Cold

weather and protective garments shall require additional clearance.

(Rigby, 14). XR-S-2

All situations requiring access openings will demand complete

analysis and the minin'al dimensions will be adjusted accordingly.

XR-C-I

For access requirements for hands and arms see section 5.8

Maintainability.

5.5.2.9 Doorways. - Doorways shall be rectangular openings in

vertical surfaces and shall be a minimum of 24 inches in width with a

minimum height of 80 inches. (Rigby, 14). XR-S-2
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i I • _ / "

PRONE WORK SPACE

_ !
8 -!

"_.':.;;L".-.-., " .--

A _

VERTICAL ENTRY ROUND (DIA) ENTRY HATCH HORIZONTAL ENTRY HATCH

BULKY PROTECTIVE

CLOTHING

LIGHT CLOTHING

"A" 26" MIN 20" MIN
SUPINE WORKSPACE

"B" 78" MIN 78" MIN

"A" 24" MIN 17" MIN
PRONE WORKSPACE "B" 96" MIN 96" MIN

"A" 20" MIN 12" MINVERTICAL ENTRY HATCH
"B" 32" MIN 24" MIN

ROUND (DIA) ENTRY HATCH "A" 32" MIN 24" MIN

"A" 24" MIN

HORIZONTAL ENTRY HATCH "B" 32" MIN 22" MIN

Figure 65. Work space requirements (access)
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5.5.2.10 Work positions.

5.5.2.10.1 Mobile workspace requirements. - Where personnel are

required to Work in limited spaces, the task shall be analyzed to

determine the body position that will be assumed and the appropriate

dimensions selected. XR-C-I

Additional factors that will affect the necessary dimensions are:

(a) Duration of the task and the comfortableness

of the position.

(b) Dimensions of the tools, test equipment, and

aids required to execute the task.

(c)

(d)

(e)

Dimensions and weight of units and components

that will be removed and replaced.

Protective garments or devices worn by the

personnel.

Doors, access covers, and other projections

into the workspace.

The absolute minimum width of all work space envelopes shall be

18 inches plus sufficient lateral clearance to accomplish the task.
XR-C-I

5.5.2.10.2 Kneeling workspace. - Where personnel must work in a

kneeling position, the minimum height shall be 56 inches and the mini-

mum length shall be 42 inches. See figure 66. If displays and con-

trols are required, the optimum display area is between 28 and 44

inches above the standing surface. The optimum control area is between

20 and 35 inches above the standing surface. The optimum work height

is 27 inches above the standing surface. See figure 66 and table

XXIV. (Rigby, 14; Dempster, 22; Hertzberg, 23). XR-S-2

5.5.2.10.3 Stooping workspace. - Where personnel must work in

a stooping position, a minimum length of 36 inches shall be provided.

0ptimumheight for displays is between 32 and 48 inches above the

standing surface. The optimum area for controls is between 24 and

39 inches above the standing surface. See table XXIV and figure 66.

(Rigby, 14). XR-S-2

5.5.2.10.4 Squatting workspace. - Where personnel must work in

a squatting position, the minimum height shall be 48 inches above the

standing surface. The minimum width shall be 27 inches. The optimum

area for displays is between 27 and 43 inches above the standing sur-

face. The optimum area for controls is between 19 and 34 inches above

the standing surface. See figure 64 and table XXIV. (Rigby, 14).

XR-S-2
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SQUATTING WORKSPACE KNEELING WORKSPACE

A

CJA pt

CJBt_

BULKY PROTECTIVE
CLOTHING

51 MIN
40 MAX

LIGHT CLOTHING

48 MIN
36 MIN

SQUATTINGWORKSPACE

"A" 59 MIN 56 MINKNEELINGWORKSPACE
"B" 50 MIN 42 MIN

STOOPINGWORKSPACE "A" 36 MIN

"A"KNEELINGCRAWLSPACE
J4Bt_

44 MIN
f

38 MIN
62 MIN

31MIN
59 MIN

STOOPING WORKSPACE

NOTE: ALL DIMENSIONSIN INCHES.

= B

KNEELING CRAWL SPACE

O

7i_ure 66. W_,rk _pace requirements (limited spaces)
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Table XXIV.

Mobile work space requirements

Passageways Min Best

A. Two men passing abreast

B. Two men passing facing

Catwalk dimensions

A. Shoulder width

B. Height

C. Walking width

A. Shoulder width

B. Height

Vertical entry hatch

A. Round or square

Crawl through pipe

A. Round or square

Supine work space

A. Height

B. Length

Squatting work space

A. Height
B. Width

Optimum display area

Optimum control area

Stooping work space
A. Width

Optimum display area

Optimum control area

Kneeling work space

A. Width

B. Height

C. Optimum work point

Optimum display area

Optimum control area

Kneeling crawl space

A. Height

B. Length

Prone work or crawl space

A. Height

B. Length

_2"

30"

22"

77"
12"

18"

15"

18"

25"

20"

73"

48"

27"

27"

19"

36"

32"

24"

_2"

56"

28"

20"

31"

59"

17"

96"

54"

36"

24"

80"

15"

22"

20"

22"

30"

24"

75"

36"

43"

34"

40"

_8"

39"

_8"

27"

35"

36"

20"

MSFC-STD-267A
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Arctic

60"

36"

32"

80"

15"

32"

24"

32"

32"

26"

78"

51"

40"

44"

50"

59"

38"

62"

24"

@
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5.5.2.10.5 Supine workspace. - Where personnel must work in a

supine position, the minimum length of the workspace shall be 78

inches and the minimum height shall be 20 inches. See figure 65 and

table XXIV. If a creeper is employed, the height of the creeper

shall be added to the minimum height. (Rigby, 14). XR-S-2

5.5.2.10.6 Prone work or crawl space. - Where personnel must

work in a prone position, the minimum length of the workspace shall

be 96 inches and the minimum height shall be 17 inches. See figure

65 and table XXIV. (Dempster, 22). XR-S-2

5.5.2.10.7 Kneeling crawl space. - Where personnel must work or

crawl on all fours, the minimum length of the work area shall be 59

inches and the minimum height shall be 31 inches. See figure 66 and

table XXIV. (Dempster, 22; Rigby, 14). XR-S-2

5.5.2.11 Workspace inclines.

5.5.2.11.1 General requirement. - Stairs, ladders or ramps shall

be provided at all locations where personnel are required to abruptly

change elevation by 12 inches or more. (Rigby, 14). XR-S-2

5.5.2.11.1.1 Incline decision factors. - The use of a ramp,

stair, or ladder shall be dependent upon: a) the amount and type of

traffic, b) distance between the two levels, c) the space available,

d) the safety of the user. (Woodson, 20). XR-S-2

5.5.2.11.1.2 Additional considerations. - Stalrs or ramps shall

also be used to provide safe and easy passage over low objects (pipe,

lines, and ducts) in corridors and passageways. XR-C-2

5.5.2.11.1.3 An_le of incline. - The angle of incline shall be

considered as the critical difference between ramps, stairs, stair

ladders and ladders. This angle shall provide the basis for the

decision as to the type of structure to employ. Figure 67 shall be

employed to determine both the preferred and the critical angles of

incline suitable for each type of structure. (Rigby, 14). XR-S-2

5.5.2.11.1.4 Preferences. - Stairs shall generally be preferred

as allowing the fastest and safest passage of personnel, particularly

personnel carrying loads. Ramps are of value only when wheeled equip-

ment must be moved between different levels and the space must also be

used for pedestrian traffic. Requirements for personnel to push or

pull wheeled equipment up ramps shall be carefully evaluated in terms

of safety and human strength. XR-C-I

O
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50°

60 °

75°
85° 90°

35°

30°

o PREFERRED

oO

TYPES OF STRUCTURES (IN ORDER OF PREFERENCE)

Figure 67. Angles for ascent structures
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5.5.2.11.2 Ramps. - Ramps shall be consistent with the follow-

ing criteria:

(a) Ramps shall be used for inclines of 20 degrees

or less ; the preferred angles being 7 to 15

degrees. See figure 67. (Woodson, 20).

XR-S-2

(b) Ramps shall be wide enough to accommodate the

largest vehicle that will be used with i0 to

15 inches clearance on each side. XR-C-3

(c) Hand rails shall be employed when the ramp is

open on either side. The height and diameter

of the hand rail shall be determined from

table XXV. (Woodson, 20). XR-S-2

O

Table XXV.

Handrail dimension requirements for stairs and ramps

Dimension Min. Max.

Stair

Width (hand rail to hand rail)

Best

One way stairs

Two way stairs

Height of hand rail
Diameter of hand rail

Hand clearance

Stair Ladder

20"

48"

30'v

1.25"

1.75"

B--

22"

51"

33"

1.4"

2.0"

Width (hand rail to hand rail)

Height of hand rain

Diameter of hand rail

Clearance aro_md hand rail

Ramp

Width determined by loads and vehicle size

Height of hand rail

Diameter of hand rail

Clearance around hand rail

Safety Bar or Chain
Bar

Chain, single

Chain, double

21 vv

34"

1.25"

2"

38"

lVV

2"

--D

24"

37"

2"

--B

44"

3"

m--

wB

B_

22"

35"

1.4"

3"

42"

1.4"

3"

33"

33"

24" & 48"
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5.5.2.11.3 Stairs.

5.5.2.11.3.1 Angle. - Stairs shall be used when inclines of 20 °

to 50 ° are encountered. The preferred angles are between 30 ° and 35 ° .

See figures 67 and 68. (Rigby, 14). XR-S-2

5.5.2.11.3.2 Strength. - Stairs shall be made strong enough to

withstand the combined weights and strengths of the largest number of

personnel likely to be on them at any one time, times a safety factor

of two. (Rigby, 14). XR-S-2

5.5.2.11.3.3 Treads and risers. - Treads and risers shall comply

with the following: (Morgan, 16; Woodson, 20). XR-S-2

(a) Treads of stairs shall be at least 9.5 inches

in depth and no greater than 12 inches in

depth.

(b) Risers shall be at least 5 inches high and no

more than 8 inches high.

(c) The steeper the stairway the shorter shall be

the tread depth and the greater the riser

height.

(d) Low risers (5 inches) shall be used where

loads in excess of 20 pounds are to be

carried or stairs are over two stories high.

(e) Treads shall be provided with non-skid sur-

faces. See figure 68.

5.5.2.11.3.4 Length of flight. - Long flights of stairs shall

be avoided. Landings shall be provided for every story (8-12 feet of

elevation). Where space permits, landings shall be provided for every

10-12 treads. (Morgan, 16). XR-S-2

5.5.2.11.3.5 Rails. - Hand rails shall be provided on at least

one side of stairs for safety and cnnvenience in accordance with

table XXV. (Morgan, 16). XR-S-2

5.5.2.11.4 Stair ladders. - Stair ladders shall be used for

inclines falling between 58 ° and 75 ° , with the preferred angles being

50-60 °. See figures 67 and 69. (Rigby, 14). XR-S-2
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O

STAIRS "A"

ONE WAY "B"

TWO WAY "B"

"E"

"F"

BEST MIN

78" 76"

22" 20"

51" 48"

2.0" 1.75"

33" 30"

11-12" 9.5"

].*_

30°-35 20°

LADDER

IN BACK OF LADDER "A"

ON CLIMBING SIDE "A"

"B"

41C,i,

WOOD "D"

PROTECTED METAL '¿D"

"E"

ldFtt

BEST MIN

8" 6"

36" FOR 76° 30" FOR 90°

30" 24"

36"

1.4" 1.3"

1 4" 1.0"

11-12"

80° 75°

8-21" 12"

A

G

O

Figure 68. Ladder and stairs requirements

O
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\

O

\

"B" 12"

"C" 75°

STEPS(50°) "D" 10"

NORISERS(75°) "D" 5.5"
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5.5.2.11.4.1 Width. - Stair ladders shall be wide enough for

one person only. See table XVI. If simultaneous up and down traf-

fic is desired, separate up and down stair ladders shall be provided.

These may be located side by side with a double center hand rail.

The separation between hand rails shall be at least 6 inches, with

8 inches the preferred separation. See table XXV and figure 69.

(Rigby,14). XR-S-2

5.5.2.11.4.2 Treads. - Stair ladder treads shall be as follows:

(Morgan, 16). XR-S-2

(a) Treads on stair ladders shall be open (without

risers).

(b) Metal screening or other appropriate material

shall be fastened to the underside where

required to protect equipment and personnel.

(c) Tread depth shall be proportionate to the

incline angle. At 50 ° incline treads shall

be a minimum of 6 inches and a maximum of

i0 inches deep with 8.5 inches the preferred

depth. For inclines of 75 ° the minimum depth

of tread shall be 3 inches, the maximum depth

shall be 5.5 inches with the preferred depth

being 4 inches. See figure 69. XR-C-2

(d) Treads shall be provided with a non-skid

surface.

5.5.2.11.4.3 Handrail. - Handrails shall be provided in accord-

ance with table XXV. XR-C-2

5.5.2.11.5 Ladders.

5.5.2.11.5.1 Angle. - Ladders shall be used for inclines between

75 ° and 90 ° , with 80° the preferred angle. See figure 68. (Rigby,

14). XR-S-2

5.5.2.11.5.2 Between several levels. - If ladders are used

between several levels, they shall be offset and provided with guarded

landings at each level. XR-C-2

5.5.2.11.5.3 Fixed ladders. - Fixed ladders shall be in accord-

ance with figure 68. Vertical ladders more than 8 feet tall shall be

avoided. (Woodson, 20). XR-S-2
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5.5.2.11.5.4 Cages. - Permanent ladders 20 feet or longer in

length shall have a cage affixed conforming to the following: (Rigby,

14). xR-s-2

(a) Cages shall begin 7 feet above standing

surface.

(b) Cage depth from center of ladder shall be

28 inches with a flare to 32 inches at the

bottom of the cage.

(c) Maximum spacing between cage ribs shall be

18 inches.

(d) Cage shall be 27 inches wide.

(e) Inside of the cage shall be absolutely free

of obstructions.

5.5.2.11.5.5 Rungs. - Rungs shall have a non-skid surface and

comply with the following: (Rigby, 14). XR-S-2

(a) Rungs on all wooden ladders shall be at least

1.12 inches in diameter, but not larger than

1.5 inches in diameter.

(b) Metal rungs may be 1.0 inch diameter but not

more than 1.5 inch diameter. The preferred

diameter is 1.4 inches for both wood and

metal rungs.

(c) The spacing between rungs shall be 11-12

inches. If conditions necessitate deviation,

the absolute minimum spacing shall be 9

inches and the absolute maximum spacing shall
be 16 inches.

(d) The minimum width between the side rails of a

ladder shall be 12 inches. The minimumwidth

shall be increased by .25 inch for each addi-

tional two feet of length beyond i0 feet.

The preferred width is 18-21 inches.

5.5.2.11.5.6 Portable ladders. - Portable ladders shall have non-

skid, pivoted feet or other non-skid devices. XR-C-I

Portable ladders should be light enough to be moved and positioned

by one or not more than two men. XR-C-I
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5.5.2.11.5.7 Handgrip. - Handgrips shall be provided on all

ladders. (Woodson, 20). XR-S-2

5.5.2.11.6 Platforms and work stands. - For assembly, main-

tenance, and repair functions outside of vehicle requirements of

work stands and platforms shall be as follows: (Rigby, 14; Morgan,

16; MIL-STD-803A-I, 24). XR-S-2

(a) Platforms and work stands shall have railings

24 and 42 inches above the standing surface.

(b) Platforms having a high center of gravity shall

be anchored.

(c) Load limits of platforms and work stands shall

be prominently displayed at point of access

and shall be in terms of men and pounds of

equipment.

(d) Knock-down type work stands shall be securely

locked at all joints.

(e) The climbing and standing surfaces of the plat-

forms and work stands shall be of the non-

skid type.

5.5.2.11.6.1 Platforms. - Platform requirements for accessibil-

ity, maintenance, and repair functions inside vehicles shall be as

follows: (Rigby, 14; Morgan, 16). XR-S-2

(a) Platforms shall have a handrail with an opti-

mum height of 35 inches.

(b) Platforms shall have a kick-plate a minimum of

3 inches high (perpendicular to the standing

surface) and painted yellow, color number

13655 conforming to Federal Standard No. 595.

(c) In areas where step ladder accessibility is

required, provisions shall be made to secure

the ladder to the platform.

(d) If space permits, the platform shall be posi-

tioned to allow maintenance and repair func-

tions to be performed from the standing

position.

O
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5.5.2.12 Equipment color. - With the exception of training

equipment, operational and maintenance equipment consoles and panels

shall have color schemes conforming to Federal Standard No. 595 and

shall be as follows: (FED STD-595, 25). XR-S-2

(a) Console exterior - color 24300 (green).

(b) Console interior - color 24300 (green).

(c) Panels - color 24300 (green).

(d) Panel lettering - color 27038 _o±acg"_" ).

5.5.P.IR Design n_ pn_i_m_n_ en_ remote handling. - R=_

handling equipment shall be planned and designed concurrently with

the equipment and material to be handled by remote manipulation in

order to insure maximum compatibility. XR-C-I.

5.5.2.13.1 Prime equipment. - Design of prime equipment for

remote handling shall be as follows: (Crawford, 26; MIL-STD-803A-I,
24). xR-s-2

(a) Fasteners, bolts, and nuts shall be captive

but replaceable by remote handling techniques.

(b) Self-alignment devices shall be provided for

components that must be jointed together.

(c) Quick-disconnect devices shall be provided

to reduce remote handling difficulties.

5.5.2.13.2 Tools. - Tools required for remote handling tasks

shall be provided with adaptors or otherwise designed for compati-

bility with the remote handling system. The torque or force reaction

that a power tool may transmit to the manipulator shall not exceed

the capacity of the remote manipulator for which it is designed.

(Crawford, 26; MIL-STD-80RA-I, 24). XR-S-2

5.5.2.13.3 Remote viewing equipment. - Remote viewing equipment

shall be as follows: (Crawford, 26; MIL-STD-803A-I, 24). XR-S-2

(a) The viewing system shall provide the operator
with three-dimensional information of the

work space.

(b) If shielding requirements permit, direct viewing

through shielding windows shall be provided.

@
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Closed circuit television systems, periscopes,
and microscopes shall supplement direct view-
ing when required.

Direct viewing of objects near the viewing
window or viewing from a position where the
line of sight angle of incidence is greater
than 60 degrees shall be avoided.

(e) At least i00 foot-candles of illumination shall
be provided in the remote work area.

(f) Monochromatic (single wavelength) lighting shall

be employed where highly unfavorable viewing

situations exists. Such situations may exist

when viewing at high angles of incidence through

refractive materials.

(g)

(h)

The two images provided by a stereoscopic peri-

scope shall be perfectly aligned and of the

same magnification.

Contrary to requirements for direct viewing con-

ditions, letters, numerals, and important de-

tails that must be viewed by means of tele-

vision shall be light against a dark background.

Dull light grays against dull dark greys give

best contrast. Glazed or reflecting surfaces

shall be avoided.

5.5.2.14 Environmental toxicity. - Environmental toxicity shall

be considered in the design of enclosures and in areas where toxicity

may occur. The following factors shall be considered: (aviation

toxicology, 27). XR-S-2

(a)

(b)

(c)

Each toxic substance must be treated in terms of

its own threshold value and its bodily effects.

Concentration and time of exposure shall be con-

sidered as critical factors in environmental tox-

icity.

Table XXVI shall be employed to determine the

maximum allowable concentration of common

toxic agents.

e
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Concentrations

@

COMMONSOURCE

FUELS AND PROPELLANTS

ENGINE EXHAUSTS
(INCLUDING ROCKET
ENGINES)

HYDRAULIC FLUIDS

FIRE EXTINGUISHANTS

TOXIC AGENT

AMMONIA
ANILINE
ETHYL ALCOHOL
GASOLINE
KEROSENE
METHYL ALCOHOL
NITROGEN TETROXIDE

ALDEHYDES:
ACETALDEHYDE
ACROLEIN
FORMALDEHYDE
FURFURAL

CARBON DIOXIDE
CARBON MONOXIDE
BROMINE
NITROGEN DIOXIDE
SULFUR DIOXIDE

BUTYL CELLOSOLVE
DIACETONE
ARYL PHOSPHATES
DIOXANE ALCOHOL

CARBON DIOXIDE
CARBON TETRACHLORIDE
CHLOROBROMETHANE
METHYL BROMIDE

OIL SPRAYSAND FUMES ALDEHYDES:
(SEE ABOVE)

REFRIGERANTS

SMOKE

CARBON DIOXIDE
FREON
METHYL BROMIDE
SULFUR DIOXIDE

PHOSGENE
(PLUS SAMEAS FOR
ENGINE EXHAUSTS)

MAXIMUM
ALLOWABLE

CONCEN-
TRATION
(PPM)

IO0
5

1,000
250
5OO
200

5

200
0.5
5
5

5,000
100

1
5
5

5O
5O
0.06

100

5,000
25

400
20

5,000
1,000

20
5

Aviation Toxicology, Aeromedical Assoc., Mc@raw-Hill Book Co.,

Inc., N.Y., 1953
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5.6 Illumination, vibration and noise.
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5.6.1 lllumination.- Visual efficiency is directly dependent

on illumination. Human performance is also dependent on illumination

to the extent that vision is a requirement. While insufficient illu-

mination may be an obvious contributor to performance degradation,

too much light in the form of glare or an adequate amount of illumi-

nation which is applied improperly, may also have the same effect.

5.6.1.1 Foot-candle provision. -lllumination shall be provided

in work areas to allow task performance in accordance with the general

conditions and requirements presented in table XXVII. These require-

ments assume normal vision in all personnel. XR-C-I

5.6.1.2 Distribution.

(a) An even distribution of illumination of the

necessary intensity and an avoidance of shadows

and glare shall be provided wherever possible.

XR-C-1

(b) Supplemental lighting shall be used to attain the

proper amount of light for specific tasks where a

general application is not feasible.

(Hopkinson, 12). XR-S-2

(c) Illumination shall be supplied in conformance to

human requirements since too much as too little

illumination can contribute to reduced visual per-

formance and eye fatigue. XR-C-I

5.6.1.3 Method of illumination. - See figure 70.

Figure 70. Light distribution methods
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General

Table XXVII.

illumination requirements

G

TASK CONDITIONS FOOT-CANDLES
AT WORKPOINT

ROUGHSEEINGTASKS
INACTIVE STORAGE,HALLWAYS,LARGE OBJECTS 1 TO 5

CASUAL SEEINGTASKS
ACTIVE STORAGE,SERVICEAREAS, STAIRWAYS 5 TO 10

VISUAL TASKS COMPARABLETO READING 10OR 11POINT

PRINT ON GOODQUALITY PAPER (I.E., GOODLEGIBILITY) 10TO 15

VISUAL TASKS COMPARABLETO READINGNEWSPRINT 15TO 20

ORDINARY SEEINGTASKSINVOLVING MODERATELY FINE
DETAIL WITH NORMALCONTRASTS

READING,HANDWRITING,ORDINARY BENCH AND
ASSEMBLYWORK 20 TO 30

VISUAL TASKS REQUIRINGVERY FINE DISCRIMINATION,
SMALL DETAIL, FINE FINISHING, FINE ASSEMBLY 30 TO 50*

DIFFICULT VISUAL TASKSWITHPOOR CONTROL AND
PRECISIONREQUIREMENTS

EXTRA FINE FINISHINGOR ASSEMBLYUNDER LOW
BRIGHTNESSCONTRASTCONDITIONS 50 TO 100"

G

NOTE:

MUCH DISAGREEMENTEXISTSREGARDINGGENERAL AND SPECIFIC ILLUMINATION

REQUIREMENTS. ILLUMINATION PRACTICES IN THE USA HAVE CALLED FOR GREATLY
INCREASED QUANTITIESOF FOOT-CANDLES OF LIGHT DURINGTHE LAST 20YEARS.
THE ILLUMINATING ENGINEERINGSOCIETY (IES) LIGHTING HANDBOOKSREFLECT
THESE INCREASES. THE WORKOF BLACKWELL, 1; LUCKIESH, 2, 3, AND 4, SUPPORT
THESE INCREASESWHILE BITTERMAN, 5; HOFFMAN,6; TINKER, 7, 8, 9, AND 10,
CRITICIZE REVISED ILLUMINATION REQUIREMENTSASUNNECESSARILYHIGH.
WESTON,11ALSO CRITICIZES "SUPERHIGH" REQUIREMENTS.

WHERETASKS INVOLVE OBSERVATIONOR MANIPULATION OF VERY SMALL ITEMS,
VISUAL MAGNIFICATIONSHALL BE EMPLOYED BEFORE EXTREMELY HIGH ILLUMI-
NATION IS USED.

@
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(a) In using direct light, the light travels direct-

ly from its source to the task area.

(b) Direct light furnishes maximum illumination but

is subject to shadows and glare.

5.6.1.3.2 Indirect li6ht.

(a) In using indirect light, the light is reflected

from wsS!s and ceilings to the task _.-_ea. ._n

opaque bowl is usually placed under the light
source.

(b) Indirect lighting is technically less efficient

since it requires greater bulb wattage to

illuminate a given area. This is compensated

by eliminating shadows and glare, thus reducing

eye fatigue.

5.6.1.3.3 Diffused light.

(a) In using diffused light, the light source is

enclosed in a translucent bowl so that light is

scattered evenly.

(b) Diffused lighting is technically efficient com-

pared to indirect lighting but does cause glare
and shadows.

5.6.1.3.4 Semi-indirect light.

(a) A combination of diffused and indirect light can

be achieved by using a translucent bowl under the

light source as in the indirect light method.

5.6.1.4 Glare.

5.6.1.4.1 General. - Direct glare is encountered when a light

source is located within the visual field; eg, headlights of on-

coming cars at night. Specular glare is encountered when the image

of a light source is reflected from a surface within the visual field;

eg, bright lights reflected from shiny desk tops. Glare (direct and

specular) shall be avoided since they may produce discomfort and inter-

fere with visual performance. (Luckiesh, 4). XR-S-I
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5.6.1.4.2 Direct Glare. - Direct glare shall be avoided by:

(a) Not locating any light sources within 60 degrees

of the center of the visual field.

(Luckiesh, 13). XR-S-2

(b) Placing lights high and directly above the

working area. XR-C-2

(c) Using indirect lighting. XR-C-3

(d) Using several light sources of low intensity

rather than one of high intensity. XR-C-3

(e) Placing hoods or shields in front of light

sources. XR-C-3

5.6.1.4.B Indirect glare. - Indirect glare shall be avoided by:

(a) Using diffused light. XR-C-3

(b) Using dull, unpolished surfaces in the visual

field. XR-C-2

(c) Placing direct light sources so that the viewing

angle of the work area is not equal to the

angle of incidence. XR-C-I

(d) Displays shall be constructed, arranged and

mounted so as to minimize the reflectance of

ambient illumination from the glass or plastic

display cover. (Particularly vulnerable to

high reflectance are those displays which are

inclined from the vertical, away from the

operator.) (Morgan, 14). XR-S-2

5.6.1.5 Brightness contrast.

5.6.1.5.1 General. - Brightness contrast is the term used to

denote variation in the brightness of the object being observed. It

is expressed as a percentage (reflected light/delivered light) or as

an amount of reflected light (foot lamberts). A good example is the

use of black print on white paper. As a percent or an amount, bright-

ness contrast is derived as follows:

BI - B2 x

BI

100 = contrast

B1 = brighter of two contrasting areas

B2 = less bright of two contrasting areas

@
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5.6.1.5.2 Requirements.
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(a) Brightness contrasts up to i00 percent shall be

considered desirable for good visual acuity.

It shall also be noted that attention tends to

be held by objects which contrast strongly with

their surroundings in regard to brightness,

color, texture or form. (Hopkinson, 12).

XR-S-2

(b) Contrast requirements are not specified for

given situations because they vary with the

amount of illumination present. (Luckiesh,

2, B). XR-S-2

5.6.1.6 Brightness ratio.

5.6.1.6.1 General. - Brightness ratio is the term used to

denote the ratio of brightness between the object being observed

and its surrounding environment. A low brightness ratio enhances

visual acuity and helps avoid visual strain. (Luckiesh, 2, 3;

Guth, 15). XR-S-2

5.6.1.6.2 Requirements. - Required brightness ratios shall be
as follows:

(a) Task area and immediate surroundings - no

greater than 3:1. XR-C-2

(b) Task area and remote surroundings that remain

in the field of vision - no greater than i0:i.

XR-C-2

5.6.1.7 Illumination and visual displays.

5.6.1.7.1 Contrast of an object and its immediate background.

(a) The degree of contrast between an object and its

immediate background shall always be made as

great as possible. (Weston, 16). XR-S-2

(b) Accuracy and speed of visual discrimination

improve with contrast. (Weston, 16). XR-S-2

(c) See 5.6.1.5.

5.6.1.7.2 Brightness of portions of the visual field which

surround an object and its immediate backgrdund.

255



MSFC-STD-267A
January 31, 1966

(a) Bright glare sources in the visual field shall

be avoided since they reduce the visibility

of an object. XR-C-1

(b) The central portion of the visual field, within

5 to 30 degrees of the line of sight, shall be

illuminated as uniformly as possible at about

the same level as the object or its back-

ground. XR-C-2

(c) Areas adjacent to the working area shall be at

the same or lower level of brightness in order

to aid visual acuity and reduce reaction time.

(Johnson, 17). XR-S-2

5.6.1.7.3 Size and brightness of an object.

(a) These two variables shall be considered to-

gether. When size becomes too small or bright-

ness too low, discrimination fails completely.

XR-C-1

(b) Reading proceeds at nearly its maximum speed as

soon as illumination is sufficient to permit

the required pattern recognition. XR-C-1

(c) Ten to 20 foot-candles shall be considered

adequate for all reading. (Tinker, 7;

Hoffman, 6). XR-S-2

5.6.1.7.h Direction of contrast between an object and its

immediate background.

(a) For printed materials (books), black on white

shall be used since it is superior to white

on black for reading speed. (Holmes, 18;

Taylor, 19). XR-S-2

(b) For panels, letters shall be black on a light

background (preferred) or white on a dark

background (less preferred). Whichever method

is used, it shall be used consistently.

(Berger, 20, 21; Holmes, 18; Paterson, 22;

Saul, 23; Sumner, 2h; Taylor, 19; Tinker, 25,

26). XR-S-2

(c) Stroke width and figure size shall be consider-

ed. (Berger, 20, 21; Ferree, 27; Holmes, 18;

Paterson, 28; Taylor, 19). See 5.2.h.h.

XR-S-2
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5.6.1.7.5 Color of the illuminant.

(a) General area illumination shall be white or shall

approximate the color characteristics of dif-

fused daylight, which is the best illuminant.

(Ferree, 29). XR-S-2

(b) Colored lighting shall be avoided since it may

distort the perception of colors used in visual

displays. XR-C-2

(c) Yellow light from sodium vapor Imps may be used

at visual threshold levels (where no color per-

_+_ _m_+_ _+) _ _ _ _l_h_Iv

superior to white light at these low levels.

(Luckiesh, 30). XR-S-2

(a) Selection and intensity of red or white illumina-
tion shall be determined from the information

obtained in table XXVIII. (Baker, 31). XR-S-I

5.6.1.8 Dark adaptation.

5.6.1.8.1 General. - Work areas shall be illuminated such that

dark adaptation will not be required. Where this is impossible, the

following factors shall be considered. XR-C-1

5.6.1.8.2 Determination of dark adaptation time. - Determination

of the time required for dark adaptation shall be obtained from figure

71. (Sloan, 32). XR-S-I

5.6.1.8.3 Dark adaptation time versus system time. - Allowance

shall be made for dark adaptation time with regard for system time

requirements. Where required, all personnel shall be dark adapted

before system operation. XR-C-I

5.6.1.8.4 Inadvertent illumination. - The use of matches or

flashlights can affect the dark adapted eye. XR-C-2

5.6.1.8.5 Protection of low illuminated areas. - Areas requir-

ing low level illumination shall be protected from external light

sources. XR-C-I

(a) All windows and potential light sources shall

be provided with protective light shields

(shades, curtains, etc.). XR-C-2

(b) All doors shall have a light-protective entrance

way which shall prevent outside light from

entering work areas. XR-C-2.
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Table XXVIII

General Illumination Recommendation

General recommendationsfor instrument, cockpit and console lighting
are consolidated in the accompanyingtable.

CONDITIONOFUSE

Instrument lighting,
dark adaptation
critical

Instrument lighting
dark adaptation not
critical

Instrument lighting,
no dark adaptation
required
Control console
lighting, dark
adaptation required

Control console
lighting, dark
adaptation not
required

Possible exposure
to bright flashes
Simulated instrument
flying (blue amber)

Very high altitude,
daylight restricted
by cockpit design

Chart reading, dark
adaptation required

Chart reading, dark
adaptation not
required

RECOMMENDED
SYSTEM

Red flood, in-
direct, or both
with operator
choice

Red flood or low
color temperature
white, indirect
or both with
operator choice
White flood

Red edge light-
ing, additional
red flood light-
ing desirable.
White flood

BRIGHTNESS
OFMARKINGS

.02 to 0.i
ft. L

.02 to 1.0
ft. L

i to 20 ft.L

.02 to 1.0
ft. L

i to 20 ft.L

BRIGHTNESS
ADJUSTMENT

Continuous
thru range

Continuous
thru range

Maybe fixed

Continuous
thru range

Maybe fixed

White flood i0 to 20 Fixed
ft.L

White flood Fixedi0 to 20
ft. L

White flood

Flood, operator's
choice of red
or white

i0 to 20
ft.L

0.i to 1.0
ft.L. on
white por-
tions of
chart

5 ft.L or
above

White flood

Fixed

Continuous
thru range

May be fixed
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5.6.1.8.6 Eye protection. - Dark-adapted personnel shall wear

protective glasses when going to a high intensity illuminated area.

This requirement does not apply under conditions where the low inten-

sity area is gradually brought up to an intensity equivalent to out-

side ambient lighting. XR-C-2
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5.6.2 Vibration. - Vibration can adversely affect man and there-

fore his performance. The following criteria present those vibration

conditions which man can tolerate before injury and performance decre-
ment result.

Injury may result from short term exposure to vibration condi-

tions which are immediately annoying or painful or from long term

exposure to vibration conditions which are not noticeably harmful at
first.

Performance problems such as visual difficulties and tracking

errors may result when work must be .... __ on under certain vibration
conditions.

5.6.2.1 Localized vibration.

(a)

(b)

Soft tissues of arms, hands and shoulders shall

not be subjected to small amplitude vibration

above 1,000 cps. (Guillemin, 33). XR-S-2

Joints of arms, hands and shoulders shall not be

subjected to large amplitude vibrations below

1,000 cps. (Guillemin, 33). XR-S-2

5.6.2.2 Whole body vibration.

5 •6.2.2. I General.

(a)

(b)

Whole body vibration shall be avoided since the

various body parts tend to vibrate independently.

The resulting alternating displacement of the

body parts, organs and supportive structures can

produce tension, deformation and localized pain.

(Magid, 34). XR-S-2

Vibration conditions in the 0.5 to 20 cps range

shall be avoided since man's vibration isolation

capacity is least effective in this range. With-

in this range he shall not be exposed to fre-

quencies between h and 8 cps because his

tolerance is lowest for these frequencies.

(Magid, 34, 35). XR-S-2

(c) Although sinusoidal vibration affects perform-

ante on certain human activities, it shall not

be considered independent of frequency and

intensity. (Buckhout, 36; Chaney, 37, 38).
XR-S-2
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5.6.2.2.2 Short term exposure.

(a) Equipment design shall reflect the findings that

personnel can tolerate greater vibrations for

shorter time periods and lesser vibrations for

longer time periods. (Linder, 39). XR-S-2

(b) The human leg shall be considered to provide

isolation from low frequency vibration (2 to 5

cps with 1 inch double amplitude) for approxi-

mately 2 minutes. (Hornick, 40). XR-S-2

(c) Figure 49 presents current criteria for tolerance

to vibrations of various frequencies and inten-

sities. (Webb, 41; von Gierke, 42). XR-S-2

(d) Personnel shall not be involuntarily exposed to

vibration conditions which cause subjective re-

actions more severe than voluntary tolerance as

noted in figures 72, 73 (Webb, 41; Magid, 43)

and figure 74. (Webb, 41; Linder, 39). XR-S-2

5.6.2.2.3 Lon6 term exposure.

(a) Tolerance criteria for long term exposure to

vibration is presently unavailable.

(b) Repeated exposure to vibration of various high

frequencies shall be avoided. (Guilleman, 33).

XR-S-2

5.6.2.3 Vibration and performance.

5.6.2.3.1 General.

(a) Vibration exposure which significantly increases

the energy spent in working and thus affects the

general emotional response of personnel shall be

avoided or otherwise reduced. (Goldman, 44).

XR-S-2

(b) Fatigue shall be considered an important factor

in the vibration-performance relationship but

at this time cannot be adequately measured.

(Goldman, 44). XR-S-2
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Figure 72. Criteria for vibration tolerance
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(c) Personnel shall not be exposed to vibration when

performing critical procedures. (Buckhout, 36).
XR-S-2

(d) Performance decrement shall be considered to con-

tinue a short time after vibration conditions

end. (Lange, 45). XR-S-3

(e) Hearing and speech decrements due to low fre-

quency (1 to 30 cps) vibration shall not be

considered to be of design significance.

(Teare, 46 ). XR-S-3

5.6.2.3.2 Performance decrements.

(a) Efficient tracking performance (both vertical

and horizontal) shall not be required when per-

sonnel must be exposed to whole body low fre-

quency vibration (1 to 20 cps). (Buckhout, 36;

Chaney, 37). XR-S-2

(b) When foot tracking performance impairment is due

to low frequency vibrations, it shall be

partially corrected by reducing the force re-

quirement. (Chaney, 37). XR-S-2

(c) Efficient rapid reading comprehension tasks shall

not be required when reading material must

vibrate at low frequency; eg, 5 cps, 1/16 inch

amplitude. (Tinker, 47). XR-S-2

(d) Figure 75 shall be employed for vibration-per-

formance determinations. (Linder, 39). XR-S-2

5.6.2.4 Protection from vibration.

5.6.2.4.1 Isolation methods. - Protection from vibration shall

ideally be achieved by isolating man to reduce vibration transmission.
XR-C-3

(a) Cushions shall be provided to damp vibrations

above l0 cps. Beneath that frequency cushions

shall not be used because they may tend to

amplify existing vibrations. (Goldman, 44).
XR-S-2
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(b)

(c)

Hydraulic shock absorbers, rubber torsion bars,

coil springs or leaf springs shall be used in

suspension seats to reduce vibration trans-

mission. (Goldman, 44). XR-S-2

Technical information regarding various other

means of isolating man from vibrations is avail-

able in the Handbook of Shock and Vibration.

(Harris, 48).

5.6.2.4.2 Other methods. - Other protection from vibration shall

be provided when necessary.

(a) The body shall be supported over as wide an area

as is possible. XR-C-3

(b) Well designed suits and belts shall be used to

reduce mobility of body parts; eg, the abdominal

mass. XR-C-3

(c) The body shall be aligned for work in the most

favorable position when intense vibration

exposure is required. XR-C-3

(d) Working hours under vibration shall be rigidly

controlled to prevent cumulative damage and

fatigue. (Goldman, 44). XR-S-2
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5.6.3 Noise. - Noise presents problems in two major areas of

human concern. It can cause hearing loss and it can reduce the clarity
of voice communication.

A hearing loss limits man's effectiveness. When he has difficulty

in hearing oral instructions or sounds indicating the status of a

machine, his ability to act promptly and without error is impaired.

Preventing hearing loss of launch vehicle personnel is not merely a

matter of humanitarian concern but one of safeguarding an important

system component to insure its efficiency and extend its usage life.

_=,_ _ee_=_%r is also impaired when noise interferes with his

voice communication. When this occurs, the penalty is an increase in

time required to accomplish communication through slower_ more de!_b-

erate verbal exchanges. This results in increased possibilities of

human error due to misunderstandings. Man's communication limitations

must be considered an integral part of the system in which he performs.

Noise reduction is the ideal solution to the problems noted.

Noise reduction techniques can be applied to the source of noise, to

traveling noise, or to noise at the human ear. Early recognition of

noise as a possible limiting factor in personnel activities permits

the use of noise reducing design features. If this is not feasible,

protective devices and procedures can be specified. The most effec-

tive methods of controlling noise are those exerted on its source.

5.6.3.1 Exposure limits.

5.6.3.1.1 General.

(a) Exposure to intense sound results in hearing loss.

The severity of the loss shall be considered de-

pendent upon the duration of exposure, the

physical characteristics of the sound (intensity,

frequency, pure or wide band) and the nature of

the exposure (continuous or intermittent ).

(b) For various exposure times to a given amount of

noise energy, continuous noise shall be recog-

nized as a greater cause for temporary hearing

loss for unprotected ears as compared to impulse
noise.

5.6.3.1.1.1 Necessary exposures. - Necessary exposures to high

intensity sounds (above 115 db) shall be as brief as possible. XR-C-2

5.6.3.1.1.2 Absolute limit. - In no case shall personnel be ex-

posed to noise levels that exceed 150 db since severe temporary hearing

loss is incurred rapidly. (AFSCM 80-3, 50). XR-S-I

273



MSFC-STD-267A

January 31, 1966

(a) High intensity sound shall be avoided since it

may cause dizziness and disorientation.

(AFSCM 80-3, 50). XR-S-2

(b) Exposure to high intensity sounds at frequen-
cies between 700 and 1,500 cps shall be

avoided to prevent the occurrence of blurred
vision. (Parrack, 51). XR-S-2

5.6.3.1.2 Pure-tone and wide band noise.

5.6.3.1.2.1 Differences. - Noise concentrated in one or more

frequency components (narrow-band or pure-tone) shall be avoided

since it is more damaging to hearing than noise which is more uni-

formly distributed in all the octave ranges (wide-band noise).

(Fletcher, 52; Hawkins, 53). XR-S-2

5.6.3.1.2.2 Difference limits. - The sound pressure level damage

limit for noise containing narrow-band or pure-tone components shall
be considered l0 db lower than for wide-band noise. (Kryter, 54).

XR-S-2

5.6.3.1.2.3 Damage risk criteria. - Figure 76 presents wide-band

and pure-tone damage risk criteria which shall not be exceeded.

(Kryter, 54 ). XR-S-2

RISK CRITERIA FOR WIDEBAND
NOISE,MEASUREDBY OCTAVES

DAMAGERISK CRITERION FOR PUR
TONE OR CRITICAL BAND

I
I I I I I I III I I I I I I II

3 6 1000 3 6 10,000

FREQUENCY (CPS)

Figure 76. Pure tone and wide band noise damage risk criteria
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5.6.3.1.3 Long term exposure limits.

5.6.3.1.3.1 Assumption. - Criteria for long term exposure shall

assume a continuous unprotected exposure (8-hour workday) for 25 years.

5.6.3.1.3.2 Ear protection criteria. - Figure 77 presents the

long term damage risk curves where ear protection shall be mandatory

for both narrow-band and wide-band noise. (Beranek, 55; Rosenblith,

56, 57). XR-S-2

5-6.3. i. h Short term exposure limits.

5.6.3.1.h.i General. - A few minutes exposure to a noise shall

u_ considered less harmful than an o-nour exposure to the same noise.
XR-C-2

5.6.3.1.4.2 Exposure limit variations. - Beginning with an 8-

hour exposure at 95 db, as exposure time is halved, the sound pressure

level exposure limit shall be raised by 6 db. (Davis, 58). XR-S-2

5.6.3.1.4.3 Dama6e risk criteria. - Figure 78 presents the short

term damage risk criteria for exposure time and sound pressure level.
(Ward, 59, 60, 61 and 62; AFSCM 80-3, 50). Personnel shall not be

exposed to sound pressure levels in excess of those stated without

adequate protection. See 5.6.3.5. XR-S-2

5.6.3.2 Temporary hearing loss. - Conditions contributing to or

causing temporary hearing loss shall be avoided. XR-C-I

5.6.3.3 Permanent hearing loss. - Conditions contributing to or

causing permanent hearing loss shall be avoided. XR-C-I

5.6.3.4 Noise control.

5.6.3.4.1 General. - Noise controls shall be considered as

divided into three areas: noise control at the source, noise control

during transmission and noise control at the ear. XR-C-2

5.6.3.4.1.1 Control at source. - The most effective method of

noise control is to relocate the noise source or reduce its output.

This method shall be used wherever possible. XR-C-2

5.6.3.h.i.2 Control elsewhere. - Additional means of control-

ling noise by reducing it in transmission, by using sound absorbing

materials, and by reducing it at the ear with ear protectors shall be

used where noise hazards exist. XR-C-2

5.6.3.4.2 Procedures. - Procedures for achieving maximum con-

trol of noise sources and noise in transmission shall be used where

feasible. Technical information on noise control is available in

Lukasik, 63; Harris, 64; and Beranek, 65. XR-S-2
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Short term damage risk criteria (wide band noise)

5.6.3.5 Ear protectors.

5.6.3.5.1 Us____e.- Ear protectors shall be used whenever damage

risk criteria are exceeded. See figures 76, 77, and 78. (AFSCM

80-3, 50). xR-s-2

5.6.3.5.2 Typ___e.- The use of ear inserts, ear muffs, helmets or

other attenuating devices shall be prescribed where necessary.

(Zwislocki, 66). XR-S-2

5.6.3.6 Acoustic reflex_ - The acoustic reflex (AR) shall be

considered for ear protection in appropriate situations. (Chisman,

67, Fletcher, 68). XR-S-2

5.6.3.7 Noise and human performance,.

5.6.3.7.1 General. - Noise does not degrade all human perform-

ance but it shall be considered as adversely affecting certain kinds

of performance. (Broadbent, 69, 70, 71, 72; Jerison, 73). XR-S-I

5.6.3.7.2 Types of performance affected. - Vigilance tasks and

mental counting tasks are susceptible to degradation in noisy environ-

ments and shall be avoided wherever possible. (Broadbent, 69, 70,

71, 72, 74; Jerison, 75, 76). XR-S-2
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5.6.3.7.3 Length of exposure. - Exposure to noise levels in

excess of I00 db shall not be longer than 1 1/2 hours since perform-

ance degradation is likely to appear after that period of time.

(Jerison, 73, 75, 76). XR-S-2

5.6.3.8 Physiolosical effects of noise. - Sudden exposure to

loud noise shall be avoided since it can cause temporary physio-

logical changes in personnel. (Harmon, 77; Kryter, 54). XR-S-3

5.6.3.9 Noise and oral communication.

5.6.3.9.1 General. - The adverse effect of noise on oral com-

munication is an obvious problem. The resolution of the problem is

dependent upon noise frequency, noise intensity, continuous or inter-

mittent noise and the criticality of the communication. The use of

the following criteria shall be determined by the degree of critical-

ity of communications. XR-C-3

5.6.3.9.2 Speech interference level.

5.6.3.9.2.1 General. - The speech interference level (SIL) is a

gross means of relating speech intelligibility to noise. Its use shall

be limited to noise environments that are steady, flat and within a

range of 600 to 4,800 cps. (Dreher, 78; Rosenblith, 56). XR-S-2

5.6.3.9.2.2 Computation. - SIL shall be computed by averaging

the sound pressure levels (in db) of the three octave bands: 600-

1,200, 1,200-2,400 and 2,400-4,800 cps. The SIL shall be considered

as a measure of the extent to which noise interferes with the ability

of individuals to converse. (yon Gierke, 79). XR-S-2

5.6.3.9.2.3 Criteria. - SIL criteria shall be determined from

table XXIX. (yon Gierke, 79). XR-S-2

5.6.3.9.3 Noise criteria.

5.6.3.9.3.1 General. - Noise criteria (NC) shall be employed as

a general measure to determine the effect of noise on communication.

(Beranek, 80, 55). XR-S-2

5.6.3.9.3.2 Computation. - The NC for a given communication

situation shall be obtained by determining the average sound pressure

level (in db) in each octave band. These figures shall then be

plotted and compared to the NC curves. XR-S-2

5.6.3.9.3.3 Criteria. - The NC curves found in figure 79

(Beranek, 80) and the noise criteria as shown in table XXX (yon Gierke,

79) shall be employed to determine the effects of noise on communica-

tion. XR-S-2
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O

SPEECHINTERFERENCE
LEVEL (db)

30-40

40-50

50-50

60-70

70-8O

80-85

OVERALL SPEECH
LEVEL (db) MINUS
SIL (db)*

+ 10 db OR
GREATER

+5 db

i

PERSON-TO-PERSONCOMMUNICATION

COMMUNICATIONIN NORMAL VOICE SATISFACTORY.

COMMUNICATIONSATISFACTORYIN NORMAL VOICE 3
TO 6 FT; AND RAISED VOICE 6 TO 12 FT; TELEPHONE
USE SATISFACTORYTO SLIGHTLY DIFFICULT.

r,nl...,,..,-,^-.-.,-.,, o^-,-,o,-^,',-,-,-,_,, IN " "' "' vuJCE I_,,UI¥11'tlUI1 IIJ/'_ I lull O/"l I ior _ I UI'_ 1 i_Or,,M_L t,_,

TO 2 FT; RAISEDVOICE 3 TO 6 FT; TELEPHONE USE
.SLIGHTLYDIFFICULT.

COMMUNICATIONWITH RAISED VOICE SATISFACTORY
1TO 2 FT; SLIGHTLY DIFFICULT 3 TO 6 FT.
TELEPHONE USE DIFFICULT. EAR PLUGS AND/OR
EAR MUFFS CAN BE WORNWITHNO ADVERSE EFFECTS
ON COMMUNICATIONS.

COMMUNICATIONSLIGHTLY DIFFICULT WITH RAISED
VOICE 1 TO 2 FT; SLIGHTLY DIFFICULT WITH
SHOUTING3 TO 6 FT. TELEPHONE USEVERY DIF-
FICULT. EAR PLUGS AND/OR EAR MUFFSCAN BE
WORNWITH NO ADVERSE EFFECTS ON COMMUNICATIONS.

COMMUNICATIONSLIGHTLY DIFFICULT WITHSHOUTING
1 TO 2 FT. TELEPHONE USE UNSATISFACTORY. EAR
PLUGS AND/OR EAR MUFFSCAN BE WORNWITHNO
ADVERSEEFFECTS ON COMMUNICATIONS.

COMMUNICATIONSVIA EARPHONESOR LOUDSPEAKER.

COMMUNICATIONSATISFACTORYOVER RANGE OF SIL
30 TO MAXIMUMSIL PERMITTED BY EXPOSURETIME.

COMMUNICATIONSLIGHTLY DIFFICULT. ABOUT 90
PERCENT OF SENTENCESARE CORRECTLY HEARD
OVER RANGE OF SIL 30 TO MAXIMUMSlL PERMITTED
BY EXPOSURETIME.

SPECIAL VOCABULARIES (IE, RADIO-TELEPHONE VOICE
PROCEDURES)REOUIRED. COMMUNICATIONDIFFICULT

0 db TO -10 db TO COMPLETELY UNSATISFACTORYOVER RANGEOF SIL
30 TO MAXIMUMSIL PERMITTED BY EXPOSURETIME.

*THE OVERALL LONG-TIMERMSSOUNDPRESSURELEVEL OF SPEECHAND THE SIL
FOR THE NOISEMUSTBE MEASUREDAT OR ESTIMATED FOR A POSITION IN THE
EAR CANAL OF THE LISTENER. THE LONG-TIMERMSVALUE OF SPEECHCAN BE
APPROXIMATED BY SUBTRACTING4 db FROMTHE PEAK VU METER READIBGS ON
MONOSYLLABICWORDS.

**EAR PLUGSAND/OR MUFFSWORNIN NOISEHAVING SlL'S ABOVE60 db WILL
NOT ADVERSELY AFFECT COMMUNICATIONAND WILL EXTEND MAXIMUMPERMIS-
SIBLE SIL IN ACCORDANCEWITHPROTECTION PROVIDED.
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Table XXX.

NC for offices and workspaces

@

OFFICES

Noise measurements made for the purpose of comparing the noise in an

office with these criteria should be performed with the office in

normal operation, but with no one talking at the particular desk or

conference table where speech communication is desired (ie, where the

measurement is being made). Background noise with the office unoc-

cupied should be lower, say by 5 to l0 db.

NC (or NCA) curve

NC-20 to NC-30

NC-30 to NC-35

NC-35 to NC-40

NC-40 to NC-50

NC-50 to NC-55

Above NC-55

NC-60 to NC-70

NC-70 to NC-80

Above NC-80

Communication environment

Very quiet office - telephone use satisfactory -

suitable for large conferences.

"Quiet" office, satisfactory for conferences at a

15-ft table; normal voice lO to 30 ft; telephone

use satisfactory.

Satisfactory for conferences at a 6- to 8-ft table;

telephone use satisfactory; normal voice 6 to 12 ft.

Satisfactory for conferences at a 4- to 5-ft table;

telephone use occasionally slightly difficult;

normal voice 3 to 6 ft; raised voice 6 to 12 ft.

Unsatisfactory for conferences of more than two or

three people; telephone use slightly difficult;

normal voice 1 to 2 ft; raised voice 3 to 6 ft.

"Very noisy," office environment unsatisfactory;

telephone use difficult.

Work spaces, shop areas

Person-to-person communication with raised voice

satisfactory to 1 to 2 ft; slightly difficult 3 to

6 ft. Telephone use difficult.

Person-to-person communication slightly difficult"

with raised voice 1 to 2 ft; slightly difficult

with shouting 3 to 6 ft. Telephone use very diffi-

cult.

Person-to-person communication extremely difficult.

telephone use unsatisfactory.
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NOTE:
THESE CRITERION CURVESARETO BE USEDWITHTABLE XXXI 1N DETERMININGTHE
PERMISSIBLESOUNDPRESSdRELEVELS IN 8 OCTAVE FREQUENCYBANDS. THE NC
CURVES(SOLID LINES) ARE RECOMMENDEDFOR SPECIFICATIONSWHENEVERA FAVOR-
ABLE RELATION BETWEENTHE LOWAND THE HIGH FREOUENCYPORTION OF THE
SPECTRUMIS DESIRED. THE NCACURVES ARE THE MAXIMUMRECOMMENDEDDEVIA-
TION FROMTHE NC CURVESWHENEVERECONOMYDICTATES A MAXIMUMCOMPROMISE
AND WHERE, IN ADDITION, THE NOISE IS STEADY AND FREE OF BEATS BETWEEN LOW
FREOUENCY COMPONENTS.

Figure 79. Noise criteria curves
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5.6.3.9.4 Articulation index.

5.6.3.9.4.1 General. - The articulation index (AI) shall be con-

sidered as the most general criterion for the effects of noise on com-

munication since it predicts how well speech can be understood within

a specified noise environment. AI is concerned only with those fre-

quencies lying between 200 and 6,100 cps as shown in table XXXI. This

range of frequencies is divided into 20 bands contributing equally to

speech intelligibility. (French, 81). XR-S-2

Table XXXI.

Frequency bands that contribute equally to speech intelligibility

Band

Number

1

2

3

4

5

6

7

8

9

i0

ii

12

13

14

15

16

17

18

19

20

Lower

2OO

33O

430

56O

7O0

840

1,000

1,150

1,310

1,480

1,66o

1,830

2,020

2,240

2,500

2,820

3,200

3,650

4,250

5,050

Frequency (cps)
Middle

270

380

490

630

77O

920

1,070

1,230

1,400

1,57o

1,740

1,920

2,130

2,370

2,660

2,900

3,400

3,950

4,650

5,600

Upper

330

43O

56O

7OO

840

1,000

1,15o

i, 310

i, 480

i ,660

1,83o

2,020

2,240

2,500

2,820

3,200

3,650

4,250

5,050

6,10o

Bandwidth

130

i00

130

140

140

160

150

160

170

180

170

190

220

26O

320

38O

450

60O

8OO

1,050

282



5.6.3.9.4.2
puted as follows :

MSFC-STD-267A
January 31, 1966

Computation. - AI for wide-band noise shall be com-

(a) Draw a curve using table XXXI showing the

speech-spectrum level as a function of fre-

quency on a chart like that of figure 80.

130

i20

110

100

80

7O

_ 60
N 5o
_ 4o
13_

4- 3O
C.)
U.l

i I I I!11 _11 '
' , 'm I iliil
I I t m t { I ii , ,I I ,-;'--..,._..,-'_.._.,,I _ .... _.._

I IIFORtU_ICrlPPEI_SPEECH { ,.__-:_,/_,,d" I I ! I
"SPEECH PEAK CLIPPED 12db _/] i i I I I
_PPED24db ', /l_l I I ) !! i
.SPEECH PEAKS ABOVETHESE LEVEES I II ! I
DO NOT CONTRIBUTETO INTELLIGIBILITY I II )] ] i i iiiiiiii

I I l l I I a I I I I I

MID-FREQUENCIESOF 20 BANDSCONTRIBUTING EQUALLY TO
SPEECHINTELLIGIBILITY WITHMALE VOICES m

zo ' ' i '{'{'{'{ ,ill _

o_! ,21 4 l018llOllZImii;613m20
lol....._1 I I IIlllll I ...

- l iMIXI:,_rlULUUI-_ I I ! I Ill i _l I_"/,-20 IAUDIBILITY FOR SOUNDS{ { ..... _,.

100 200 500 1000 2000 5000 10000

* RE 0.00002,u.BAR FREQUENCY(CPS)

Figure 80. Worksheet for computing the AI by the 20-band method

@

(b) Draw a curve showing the spectrum level of the

noise on the same chart.

(c) At every one of the lines numbered i to 20,

measure the difference between the'speech-

peak level and the noise-spectrum level. If,
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at any line, the noise level is belo_ the

threshold of audibility, use the threshold

curve rather than the noise curve. If, at

any line, the speech-peak curve is above the

appropriate limiting curve at the top of

the figure, use that curve rather than the

speech-peak curve.

(a) Convert each of the differences measured to

its fractional contribution to the AI by

means of figure 81. Differences of 30 db

or greater are given a fractional contri-

bution of 0.05, differences of 0 db are

given a contribution of zero.

(e) Add all 20 contributions to obtain the

final AI.

@

0.05

u

o 0.04
I--

0

I.--

," 0.03

I.--

" 0.02

I.--

0.01
L_

I I I
5 10 15 20 25

DIFFERENCE BETWEEN PEAK SPEECH-PRESSURELEVEL
AND NOISE-PRESSURE LEVEL (db)

3O

Figure 81. Contribution to the AI due to peak

speech/noise level ratio

284



MSFC-STD-267A

January 31, 1966

5.6.3.9.4.3 Criteria. - Intelligibility criteria derived from

the AI are presented in figure 82. For any given voice communica-

tion system, within the environment and under actual conditions of

use, the AI Shall be in excess of 0.30. (AFSCM 80-3, 50). XR-S-2

5.6.3.9.4.4 Alternate methods. - A weighted-octave-band method

of computing AI's for wide-band noise and a method of co_mputing AI's

for narrow-band noise shall be employed whenever necessary. (AFSCM
80-3, 50). ]Q_.-S--2

5.6.3.9.5 Auditory communication equipment.

5.6.3.9.5.1 General. - The choice of auditory equipment shall

be made by taking _nto consideration the total operator re_,_m_

and responsibilities of a given task. Intelligibility characteristics

shall be at or above a speech articulation index of 0.60. XR-C-2

5.6.3.9.5.2 Hand-held equipment. - Hand-held equipment shall be

of convenient size for use by the operator with average size hands.

Average length of hand is 7.9 inches and average width is 3.6 inches.

The equipment shall have non-kink or self-retracting cords and press-

to-talk switches that may be used conveniently by either hand. Hand-

sets shall have proper mounts in a place to prevent interference with

movements and accidental dislodging during transportation. XR-C-2

5.6.3.9.5.3 Head-supported equipment. - Head-supported equipment

shall be used when the operator's hands must be available for other
tasks.

(a) The headset package shall consist of adjustable

mouth and earpiece to ensure comfort by proper

fitting and positioning for efficient opera-
tion. XR-C-1

(b) Earpieces shall be designed to snug-fit the

head in order to minimize noise interference

from outside sources. XR-C-I

(c) Supporting structures for the earpieces shall

not impose discomforts of weight, concen-

trated pressures, or metal contact with the
skin. XR-C-1

5.6.3.9.5.4 Loudspeakers.

(a) Speakers shall be placed in front of and

directed toward the listener at head level

or slightly above. XR-C-2
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9o / i / ./,-F_ NONS_ENSE
," 2" / E,,""I ISYLLABLES

ao .- %_ _ -/--/"_ I I-( ~6°° -
,_" / I I DIFFERENT

z/i I I SYLLABLES)

70 ...... I
_, _F PB* WORDS(1000

, _, / DIFFERENT WORDS)

_ 60 _ ' _ _"-_-TEST I
/ / VOCABULARY I

50 ..... /_/- I LIMITED ;I
TO 32 PB*\l/ WO,D,I

_; 40 -- v-._m I I I
/ / _ TEST VOCABULARY

/ / LIMITED TO 256 PB* WORDS

30 b_/ I I I
[ / _ SENTENCES I I

2o _ _ I I I INOTE'. THESE RELATIONS ARE _D

L . APPROXIMATE. THEY DEPEND
10 | UPON SUCH FACTORSASSKILL -

/ oF TALKERS AN_ LISTENIERS.
0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

ARTICULATION INDEX

INTELLIGIBILITY CRITERIA

AN AI OF . . . PROVIDESCOMMUNICATIONS. . .

O.7TO 1.0 SATISFACTORYTO EXCELLENT

0.3 TO 0.7 SLIGHTLY DIFFICULT TO SATISFACTORY- UP TO 98%OF
SENTENCESARE HEARD CORRECTLY

0.0 TO 0.3 IMPOSSIBLETO DIFFICULT - SPECIAL VOCABULARIES AND
RADIO-TELEPHONE VOICE PROCEDURESARE REQUIRED

*PB - PHONETICALLY BALANCED

Figure 82. Intelligibility criteria
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(b) Single loudspeakers with single signal inputs

shall have associated volume and tone

controls. XR-C-2

(c) A single loudspeaker having two or more simul-

taneous inputs shall have a_ociated controls

necessary to individually adjust the volume

and tone of each of the inputs. XR-C-2

(d) When use of two or three loudspeakers is re-

quired, they shall be horizontally positioned

so that tile location of the sound source may

be readily identified without operator head

movement, _YR_.-C-2

(e) Three loudspeakers shall be the maximum

directed to any one operator. XR-C-2
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5.7 Temperature, clothing, and safety.

5.7.1 Temperature. - Although man can survive through a wide

range of temperature and humidity, his efficiency is markedly affected

by extreme conditio_,s. Whenever practicable, environmental temperatures

shall be maintained within the "comfort zone" of the effective tempera-

ture range. The effects of departures from this rs_ge s_nd personnel

protection required are presented in this section.

NOTE:

Designers shall consult with appropriate human factors

engineering personnel in accordance with _FC STD 391

when unusual environments are anticipated.

5.7.1.1 Effective temperatures.

5.7.1.1.1 Factors.

(a) Effective temperature (ET) shall be employed

as an index which combines temperature,

humidity and air movement into a single value

of warmth or cold as felt by the human body.

See figure 83. (ASHRAE, i) XR-S-2

(b) As shown in figure 83, different combinations

of temperatures and relative humidities (RH)

shall result in the same ET; eg, 70 degrees

Fahrenheit (dry bulb) at i00 percent RH and

81 degrees Fahrenheit (dry bulb) at i0 percent

RH both yield an ET of 70 degrees with air

movement (turbulent flow) of 15-25 feet per

_inute. (ASHRAE, i). XR-S-2

5.7.1.i.2 Comfort zone.

(a) The comfort zone of figure 83 shall be considered

as representing those conditions of temperature

and humidity in which most personnel will feel

comfortable and perform with greatest efficiency.

( ASHRAE, 1). XR-S-2

(b) Environmental temperatures shall be maintained

within the 63 degree to 75 degree ET range

whenever feasible. (ASHRAE, i). XR-S-2

5.7.1.2 Heat and performance.

5.7.1.2.1 General. - ET above 80 degrees Fahrenheit shall be

avoided since both quantity and quality of physical performance

deteriorate beyond that point. (Morgan, 2; Blyth, 3). XR-S-2.
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---- WET BULB TEMPERATURE (OF)

90 AIR MOVE_MENT Ol_ TURBUL_ENCE 15 TO 25 FT IPER MIN

t_l"_.---TS_ __-"_--"_-':_
k'_ /2_i I..,.%_ \1/4X><'_<"_ x ( "xx_h@

_o_- I_L_'_- ,,'_Q_2_r_:_ ,,,

i i /0

;
40 ; I :_' _ PER CENT OF SUB'JECTS

5O 60 70

DRY BULB TEMPERATURE (OF)

80 90 lOO

_ AVERAGE WINTER COMFORT ZONE

====== AVERAGE WINTER COMFORT ZONE

_ AVERAGE SUMMER COMFORT ZONE

====_=_i AVERAGE SUMMER COMFORT ZONE

Figure 83. Effective temperature for comfort requirements
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Consideration shall be given to the possible occurrence of heat
stroke in personnel working in above normal thermal environments.

5.7.1.2.2 Long term exposure.

(a) ETup to 80 degrees Fahrenheit shall be

perm_ssib!e for acclimatized men since they

can achieve and maintain an efficient per-

formance at this ET level. (Morton, 2;

Eichna, 4). XR-S-2

(b) ..... 94 _r=_e_t_ ul _u degrees to _=_=e=_.... _ ^_

shall be the upper limits for long term

working exposure of men without protective

clothing. At this ET level, symptoms of

fatigue, nausea and dizziness become marked.

(Viteles, 5; Eichna, 4; Morton, 2). XR-S-2

(c) Figure 84 shall be employed to determine long

term heat exposure tolerance limits for men

at rest. (Webb, 6). XR-S-2.

5.7.1-2-3 Short term exposure.

5.7.1.2.3.1 Without protective clothing.

(a) Temperatures ranging from 122 degrees to 140

degrees Fahrenheit shall be considered as

tolerable for periods of an hour or more

since sweating usually keeps heat storage low.

(b)

(c)

Temperatures ranging from 158 degrees to 2h8

degrees Fahrenheit shall be considered as

tolerable for periods of 20 to 80 minutes.

Storage of heat in the body is the limiting

factor. (Webb, 7 ; Blockley, 8). XR-S-2

Temperatures ranging from 240 degrees to 500

degrees Fahrenheit shall be considered as

tolerable for periods of i0 seconds to 8

minutes. (Webb, 7). XR-S-2

(d) Temperature limits (for shorter times) shall

be considered as higher when heat exposures

to steady-state temperatures are abrupt; eg,

500 degrees Fahrenheit for i0 seconds.

(Webb, 7, 9). XR-S-2
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,, I { { :
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_--._/ELEC,FRICALLY, HEATED CLOTHING I
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TIME - SECONDS

Figure 84. Human thermal tolerance limits

(e)

(f)

Exposure time limits shall be considered as

longer when temperature increases steadily

from ambient conditions; eg, from 75 degrees

to 400 degrees Fahrenheit at i00 degrees

Fahrenheit per minute--3 1/4 minutes.

(Webb, 7, 9). XR-S-2

Exposure time limits shall be extended by

precooling; eg, reducing average body temp-

erature by 4 degrees Fahrenheit extends time

of exposure to 160 degrees Fahrenheit from 60

minutes to almost 120 minutes. (Veghte, i0).

XR-S-2
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(g) Figure 84 shall be employed to determine

short term heat exposure tolerance limits

for men without protective clothing.

With protective clothing.

(s) _e average increase in time and temperature

permitted by different types of clothing
shall be determined from the information

presented in figure 85. (Webb, 7). XR-S-2

f---WALL TEMPERATURE(°F)
550-

525-

500-

475-

450-

425-

HEAVY WINTER

FLYING ÷

GEAR _SUMMER
FLIGHT ÷

CLOTHIN1

"1" NUDE

HEAVY ALUMINIZED HEAVY ALUMINIZED

COVERALL COVERALL - VENTILATED
•I ÷

0 1 2 3 4 5 6 7 8 9 10 15
TIME - MINUTES

°C

- 280

- 270

- 260

- 250

- 240

- 230

-220

-210

20

NOTE:
AVERAGED TOLERANCE LIMITSWITH VARIOUS CLOTHING ASSEMBLIESTO A SLOW

HEAT PULSE. THE LINE TRACESTHE FINAL COURSEOF THE HEAT PULSE WHILE
THE ASTERISKS INDICATE ENDPOINTSFOR EACH CLOTHING ASSEMBLY. TEM-
PERATURE INCREASEWASSTOPPED AND HELD AT 500°F FOR BOTH COVERALL

ASSEMBLIES. (ADAPTED FROMWEBB)

Figure 85. Thermal tolerance limits with different clothing assemblies
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(b) Precooling shall be considered in extending

tolerance times. See 5.7.1.2.3.1 (f).

(Veghte, i0). XR-S-2

5.7.1.3 Cold and performance.

5.7.1.3.1 General.

(a) Cold or hot temperatures falling below this

comfort zone shall be avoided wherever possible.

XR-C-2

(b) Under conditions of long exposure to cold tem-

peratures, protective clothing shall be fur-

nished. See figure 86. XR-C-2

80

LIGHT COVERALLS(1 CLO)

COVERA LS, JACKET, UNDERWEAR(2 CLO)

I

f
60

I f ° I

_4o/f .._1- ','..... -- .... 0 =:
I--

A _ INTERMEDIATEFLYING ASSEMBLY(3 CLO)

"' 20 _ .... LI..I

_-"' _ HEAVY WOOLPILE FLYING ASSEMBLY(4 CLO) _=,,,
I I--

-zo

-= I[/
"'-'°I/

-60 A. ^
0 2 4 6 8 10 20

EXPOSURE TIME - HOURS

z

z
O

z

Figure 86. Low temperature limits for low activity work (sitting)
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(c) Tasks involving finger dexterity or hand strength

shall be avoided in cold environments wherever

possible since these activities are first to

suffer performance decrements due to low tem-

peratures. (Horvath, ii; LeBlanc, 12). XR-S-2

5.7.1.3.2 Long term exposure. - Long term cold e_osui"e criteria

shall be determined from figures 86 and 87. (Webb, 6). XR-S-2

ENVIRONMENTAL TEMPERATURE - °C

-50 -40 -30 -20 -10

o 16 •

I 14 -

__ 12 --I

"_" 6 L=_IGHT_ BTb/Hp_'_

7 4
0

I--
< WORK.j 2

0 ]0 20 30

-60 -40 -20 0 20 40 60 80

ENVIRONMENTAL TEMPERATURE - °F

TYPICAL
ASSEMBLIES
PROVIDING
THE INDICATED
CLO VALUE

DOWN
- SLEEPING BAG

HEAVY FLIGHT
- CLOTHING

COVERALLS, JACKET,
WOOLEN UNDERWEAR
STREET CLOTHING
OR LIG:-IT COVERALLS
AND COI-TON UNDERWEAR

Figure 87. Low temperature limits for different activity levels

5.7.1.3.3 Short term exposures. - Short term cold exposure

criteria with and without protective clothing shall be determined

from figures 83, 84, 85 and 86. (Webb, 6). XR-S-2
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5.7.1.3.4 Windchill

(a)

(b)

Figure 88 shall be used to determine the inter-

active effect of wind velocity and temperature

to produce windchill indices. By placing a

straight edge across the two variables, the

windchill index is obtained at the interaction

point of the straight edge and windchill axis.

The figure also permits a comparison of dif-

ferent combinations of wind speed, temperature,

and windchill index but does not include con-

sideration for physiological adaptation.

(Consolazio, 13; Webb, 6). XR-S-2

Tasks with critical visual reaction time shall

be avoided at wind speeds in excess of i0 mph

and low ambient temperature. (Teichner, 14).

XR-S-2

5.7.1.4 Humidity and performance.

5.7.1.4.1 High humidity_ - High relative humidity levels (above

70 percent) at high temperatures shall be avoided since they limit the

amount of body cooling the perspiration-evaporation process can pro-

vide. This increases problems of discomfort and performance decrement

already present with high temperatures. (ASHRAE, i). XR-S-2

5.7.1.4.2 Comfort and performance. - Humidity shall be con-

sidered as exerting a limited effect on comfort and performance in

the normal temperature range. (Kock, 15). XR-S-2

5.7.1.4.3 Low temperature. - High relative humidity levels at

low temperatures shall be considered less detrimental since body heat

loss is accomplished largely by coavection and radiation. (ASHRAE,

l). XR-S-2

5.7.1.4.4 Effective temperature table. - Figure 89 shall be

employed to indicate the importance of humidity in determining ET as

dry bulb temperatures rise above 60 degrees Fahrenheit. (MIL-STD-

80_-2, 16). x_-s-2

5.7.1.5 Air movement.

5.7.1.5.1 Air movement rate. - Air movement of 15 to 20 feet

per minute shall be a general requirement. Criteria presented in

figure 83 are based on this rate. (ASHRAE, i). XR-S-2
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Figure 88. Windchill index
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r
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Figure 89. Effective temperature in relation to dry

bulb temperature and relative humidity

5.7.1.5.2 Convective cooling. - Figure 90 shall be employed to

determine the rate of convective cooling that shall be supplied to a

seated man at rest to maintain a comfortable skin temperature of 90

degrees Fahrenheit over a range of hot operative conditions. The

man is assumed to be wearing typical aviation clothing. (Webb, 6).

XE-S-2
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The graph shows the rate of convective suit cooling which must be

supplied a seated man at rest wearing typical aviation clothing to

maintain a comfortable skin temperature of 90°F (32°C) for a range

of hot conditions. Suit convective heat removal is computed from

the mass flow of ventilating air and the difference between inlet

air temperature and the desired surface temperature:

where

qv = o.24 (90- tv) wv

qv = suit convective heat removal in Btu/min,

v _ .......... _=_6 alr In o,_ _-_

W = mass flow of ventilatin_ air in ibs/min

When air and wall temperature are equal, the operative temperature

is the same; otherwise it lies between them; it is their average,
weighted according to the convective and radiative conductance

coefficients respectively.

The data points marked with hollow squares, which are farthest from

the curve drawn through the other points, are from experiments where

there was moderate sweating and some heat storage, although the sub-

jects judged themselves to be comfortable. The adjustments and

corrections for these cases could only be approximate. Webb (6)

OPERATIVE TEMPERATURE- °C

20 40 60 80 100 120
3g , , , , ,

&,
25 /

.= t
E /o

_= 20 l_
mm

J l gi_ Y

> 15 l
O
:_ JR
,,' m 'J

J, o

10 i
"' l

J
J

5 _t

-7"'1
0 I I I

60 100 140 180 220 260
OPERATIVE TEMPERATURE- _F

Figure 90.

o'}BILLINGHAM, MEASURED

• CALCULATED, ADJUSTED FOR

SWEAT EXCESS OVER INSENSIBLE LOSS

,1 COMPUTEDFROM DATA OF A.C.E.L.
NAVY FULL PRESSURESUIT

Cooling by ventilated clothing
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5.7.1.5.3 Humidit 7. - When air temperatures are at or above

body surface temperatures, the effect of air movement shall be

considered as dependent on humidity. XR-C-2

5.7.1.5.4 High temperature-humidity. - High temperature-

humidity conditions shall be avoided since a heat gain due to con-

vection from moving air, rather than a heat loss from evaporation,

may occur. XR-C-2
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5.7.2 Clothing. - The clothing of launch vehicle personnel

shall warrant design consideration when unusual or hazardous environ-

mental conditions exist. Those environmental conditions considered

hazardous, or unusual shall include extremes of temperature, presence

of toxic materials or gases, high noise levels, and radioactive

materials. Sections 5.6.3 (Noise), 5.7.1 (Temperature), and 5.7.3

(Safety) contain criteria and supp!ementa_r information which are

related to these conditions. Section 5.5 (Anthropometry) contains

information which may be used in determining size requirements of

clothing. XR-C-I

5.7.P.I General ._!_eM_t% -±u_ protecLive clothing.

5.7.2.1.1 Minimum nu_nber n_.......g_r_onts. - c_-_=nts___..__o_ pro_ _-_

a full range of protection for a normal work cycle in order to pre-

clude multiple clothing changes in a short period of time, unless

such changes are required to preclude the dangerous mixing of mate-

rials and it is impractical to use different individuals. XR-C-I

5.7.2.1.2 Tailoring and fitting. - Tailoring and fitting shall

permit adequate freedom of movement so that the full range of in-

tended wearers can perform assigned tasks. XR-C-!

5.7.2.1.3 Freedom from obstructions. - External surfaces shall

be free of loops, straps and obstructions which could impede the

free movement of the wearer. Internal surfaces will be free of items

which would impede free movement or cause undue wearer discomfort.

XR-C-I

5.7.2.1-4 Closures and fasteners. - Closures and fasteners shall

be capable of operation by the wearer and shall provide the same pro-

tection as permanent seals and seams against leakage of contaminants.

XR-C-I

5.7.2.1.5 Emer@enc_v removal. - The garment shall be capable of

emergency removal by the wearer, preferably by the use of normal

closures and fasteners. XR-C-I

5.7.2.1.6 Seaming. - Seaming shall not permit leakage of con-

taminants, nor should they he of such bulk or location as to cause

wearer discomfort. XR-C-I

5.7.2.1.7 Labelling. - The intended use and limitations and

cautions shall be clearly stated on a conspicious label attached to

the garment. XR-C-I
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5.7.2.1.8 Wearer effects. - The effects from the wearer's body

heat generation and perspiration shall be considered in the design of
garments and selection of materials. XR-C-1

5.7.2.1.9 Visibility. - Visibility of task area shall not be

unduly hampered by devices located near the eye region. XR-C-2

5.7.2.1.10 Gloves. - Gloves shall be sufficiently flexible and

insure the necessary tactile sensing to perform the required tasks.
(See 5.5.1.4.2.7). XR-C-1

5.7.2.1.11 Glove surface. - Glove surface shall be such that it

provides an adequate gripping surface. XR-C-1

5.7.2.1.12 Boots. - Boots shall permit adequate foot and ankle
movement. XR-C-2

5.7.2.1.13 Boot soles. - Boot soles shall be provided with non-
slip surface. XR-C-1

5.7.2.2 Protection from toxic materials. - As new rocket fuels

are developed, new protective materials must also be provided. For

specific requirements, the contractor shall contact the purchasing

agency. For guidelines for protective materials, refer to AFTO

IIC-I-6-C, 17, AF Manual 160-39, 18; MIL-C-12527A, 19; and MIL-G-
4244A, 20.

5.7.2.3 Specific requirements for whole body protective garments.

5.7.2.3.1 B_rreathing air suppl [. - Wholly independent breathing

air supplies shall be preferred over devices which are designed to

purify, filter or otherwise process the general external air for
certain contaminants. XR-C-I

5.7.2.3.1.1 Breathin_ air supply limits. - The length of time

that a breathing device can safely be used shall be clearly evident

to the user prior to donning the device. This may be accomplished

by a gauge directly calibrated in useful air remaining, an unbroken

seal with suitable markings or other reliable means. XR-C-I

5.7.2.3.1.2 Warning device. - A warning device shall be incor-

porated in all such breathing devices to alert the user to a dimin-

ished supply in sufficient time to return to a safe environment.
XR-C-I
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5.7.2.3.2 Communications. - Reliable voice communication

devices shall be provided when protective equipment covers all or

most of the head region. XR-C-I

5.7.2.4 Clothi_design criteria for temperature extremes.

5.7.2.4.1 Exposure to heat. - Human thermal comfort shall be

defined as a function of air temperature and humidity as shown in

figure 91. Design recommendations for normal street clothing (I clo),

seated resting individuals, and minimal air movement shall not exceed

the upper limits of the evaporative regulation curve. (Webb, 21).
XR-S-2

>.l.z.4.i.i Heat exposure tolerance as a function of clothing

worn. - Under conditions of slow heat pulse in which the environmental

temperature is increased at the rate of i00 degrees Fahrenheit per

minute until pain tolerance is reached, the clothing asseWolies re-

quired for specific temperature and exposure durations shall be

selected from figure 92. (Webb, 6). XR-S-2

5.7.2.4.1.2 Heat exposure tolerance as a function of clothing

worn_ altitude_ and body storage rate. - Clothing values (for seated

and untrained men) for various operative temperatures and altitudes

as well as tolerance limits for each combination in relation to body

storage rate, shall be determined from figure 93. (Blockley, 22).
XR-S-2

5.7.2.4.1.3 Heat exl?gsuret01erance for various areas of body

as a function of clothing worn. - Maximum temperature and limits of

tolerance obtained for various clothing worn over specific body parts

are shown in table XXXII. This table shall be employed in the deter-

mination of clothing values for various body parts, and the maximum

protection afforded (in terms of temperature limits and duration)

by tbe clothing selected. (North American Aviation, 23). XR-S-2

5.7.2.4.2 Exposure to cold. - The amount of clothing insula-

tion required for continuous cold environment exposure shall be con-

sidered to depend on the metabolic heat production rate that main-

tains body temperature. (See section 5.7.1.3.3, figure 87). (Taylor,

24). XR-S-2

5.7.2.4.2.1 Duration of exposure to cold. - Clothing values for

seated and resting personnel exposed to various levels of cold tem-

peratures, shall be determined from figure 85, section 5.7.1.3.3 as

a function of exposure time. (Burton, 25). XR-S-3
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N HG IN HG
15 15 20

c mLLm
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DRY BULB TEMPERATURE °°C
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DRY BULB TEMPERATURE -°F

o C

40 45 50

NUDE EXPERIMENTS I

INDEFINITE (32 HOURS) THERMAL BALANCE
WITH FLUID REPLACEMENT FOR APPROX.

25--

LE FOR 10 HOURS
WITHOUT FLUID REPLACEMENT
(DEHYDRATION APPROX, 6%

"BODY WT.)

20--

15--

10--

0--

'5-

.10-

o F

-70 _

0-

I-,-

-60 _

w

- 50

--4O

--30

--20

--10

NOTE:
HUMANTHERMAL COMFORT DEFINED BY AIR TEMPERATURE AND HUMIDITY IN THE AREA ENCLOSED BY THE
HEAVY SOLID LINE. NOTE THE STIPULATIONS OF NORMAL STREET CLOTHING, SEATED RESTING INDIVI-

DUALS, AND MINIMAL AIR MOVEMENT. AN INCREASE IN AIR VELOCITY TO 200 FPM, WHICH IS A COMMONLEVEL
IN HIGH PERFORMANCE AIRCRAFT, EXTENDS THE COMFORT ZONE INTO HIGHER TEMPERATURES AS SHOWN.
IF IMPERMEABLE CLOTHING ISWORN, COMFORT (INDEFINITE TOLERANCE) FOR SEATED MEN MOVES TOWARD

THE COLD SIDE. PARTIAL COVERAGE WITH RUBBERIZED CLOTH, AS FOUND IN ANTI-O SUITS AND PARTIAL
PRESSURE SUITS, CALLS FOR DRIER, COOLER CONDITIONS AS SHOWNIN THE CROSS-HATCHED AREA. COM-
PLETE COVERAGE WITH IMPERMEABLE MATERIAL, AS FOUND IN ANTI-EXPOSURE SUITS AND FULL PRESSURE

SUITS, CALLS FOR DEFINITELY COOL TEMPERATURES, BUT NO SPECIAL HUMIDITY SINCE EVAPORATION
CANNOT TAKE PLACE. ACTIVITY IN SUCH ASSEMBLIES PRODUCES CRITICAL THERMAL LOADING, SOLVED
ONLY BY FORCED CLOTHING VENTILATION TO PERMIT REMOVAL OF WATER VAPOR.

SEVERAL REFERENCE POINTS ARE SHOWNFOR WARMCONDITIONS ABOVE THE COMFORT ZONE, AGAIN FOR
NORMALLY CLOTHED RESTING MEN, WHERE AIR VELOCITY IS LOW. THE SWEATINGTHRESHOLD FALLS AT
ABOUT THE LINE LABELED AS79°F E.T. (EFFECTIVE TEMPERATURE), AS DERIVED FROM A PREDICTION
METHOD CALLED THE PREDICTED FOUR-HOUR SWEAT RATE (P4SR). EXPOSURES UP TO 12 HOURS CAN BE
TOLERATED, BUT WITH THE COST OF PHYSIOLOGICAL ADAPTATION UP TO 84°F E.T. THERMAL BALANCE
(AT A HIGHER-THAN-NORMAL BODY TEMPERATURE) CAN BE MAINTAINED FOR HOURSUP TO THE LINE
SHOWNFITTING SOLID DOT DASHPOINTS, AND CORRESPONDINGTO ABOUT 92°F E.T. FINALLY, A SET OF
EXPERIMENTS IS SHOWNWITH NUDE MEN AT REST AT 110°F AND 25 MM LIG VAPOR PRESSURE, WHEREIN
THOSE WHOHAD FLUID REPLACEMENT MAINTAINED THERMAL BALANCE FOR 32 HOURS, AND THOSE
DEPRIVED OF FLUID BECAME SEVERELY DEHYDRATED AND LOST THERMAL CONTROL IN 10 HOURS.

(COMPILED BY WEBBASSOCIATES, 1966.)

Q

Figure 91. Thermal comfort zone
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FIGURE 92 SHOWSTHE INCREASEIN TOLERANCE TIMES (VOLUNTARY LIMIT WHENSURFACE
PAIN BECOMESUNBEARABLE) FORSUBJECTSEXPOSEDTO A HEAT PULSE WHEREWALL
TEMPERATURE WASINCREASEDAT 100°F/MIN, AND THE SUBJECTSWORECLOTHING
AFFORDING VARIOUSDEGREESOF PROTECTION. EACH LIMIT REPRESENTSAVERAGE DATA
FOR FROM3 TO 10SUBJECTS. 'NHENAN ALUMINIZED SURFACE WASUSEDWITH A HEAVY
COVERALL, THE PROTECTION INCREASEDAGAIN; EXPOSURESWERECHANGEDIN FORM.
THE INCREASE IN WALL TEMPERATUREWASSTOPPED AT 500°F AND THAT TEMPERATURE
HELD UNTIL TOLERANCE WASREACHED. ADDINGVENTILATION WITH AIR AT ABOUT 85°F
ALLOWEDTHESE EXPOSURESTO LAST BEYOND 20MINUTES.

Figure 92. Tolerable heat pulses
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THIS CHART SHOWSTHE RATE OF STORAGEOF BODY HEAT FOR SEVERAL CONDITIONSOF
CLOTHING AND ALTITUDE, WHERESEATED AND UNTRAINED MEN ARE EXPOSEDTO NON-
COMPENSABLEHEAT. ENTRY IS BY MEANSOF THE REFERENCE OPERATIVE TEMPERATURE,
DEFINED ASTHE TEMPERATUREOF AIR AND WALLS WHICH,IN COMBINATIONWITH A VAPOR
PRESSUREOF 20 MMHG,HAS EOUIVALENT EFFECTS TO SOMEOTHER COMBINATIONOF
HUMIDITY AND TEMPERATURES. OPERATIVE TEMPERATURE IS THE WEIGHTEDMEAN OF

AIR AND WALL TEMPERATURE, WHERETHE WEIGHTINGCOEFFICIENTS ARE THE RESPEC-
TIVE HEAT TRANSFER COEFFICIENTS FOR CONVECTIONAND RADIATION.

SOURCE: BLOCKLEY(22)

Figure 93. Heat storage and tolerance
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METALSURFACE AVERAGE
BODY AREA CLOTHINGWORN TEMPERATURE TOLERANCE TIME

HAND

KNEECAP

FINGERTIP

HAND- PALM

FOREARM

UPPER ARM

BUTTOCKS

MID-THIGH

KNEECAP FLEXED

CALF MU_LE

UPPER ARM

FOREARM

PALM OF HAND

BACK OF HAND

PALM OF HAND

BARE SKIN

BARE SKIN
BARE SKIN

AF!B-3A LEATHER GLOVES
AF/B-3A LEATHER GLOVES

AF'B-3A LEATHER CLOVES
AFJB-3A LEATHER GLOVES
AF _B-3A LEATHER GLOVES

SACALERT SUIT
SACALERT SUIT

K-2B LIGHT AF FLIGHT COVERALL
SACALERT SUIT
ALERT SUIT PLUSBRYNJE NET STRING

UNDERWEAR
K-2B SUIT
K-2B SUIT PLUS BRYNJE UNDERWEAR

SAC ALERT SUIT
ALERT SUIT PLUSBRYNJE UNDERWEAR
K-2B SUIT
K-2B SUIT PLUS BRYNJE UNDERWEAR

SACALERT SUIT
ALERT SUIT PLUSBRYNJE UNDERWEAR
K-2B SUIT
K-2B SUIT PLUS BRYNJE UNDERWEAR

SACALERT SUIT
ALERT SUIT PLUSBRYNJE UNDERWEAR
K-2B SUIT

SACALERT SUIT
ALERT SUIT PLUSBRYNJE UNDERWEAR
K-2B SUIT
K-2B SUIT PLUS BRYNJE UNDERWEAR

MD-3AWOOL-NYLONANTI-EXPOSURE SUIT
MD-3A WOOL-NYLONANTI-EXPOSURESUIT

MD-3A SUIT

ALUMINIZED ASBESTOSGLOVE

ALUMINIZED ASBESTOSGLOVE

ARCTIC MITTEN
ARCTIC MITTEN PLUS B-3A GLOVE
ARCTIC MITTEN PLUS B-3A GLOVE
PIGSKIN'800°F ' HEAT GLOVE
PIGSKIN'800°F ' HEAT GLOVE
PIGSKIN '800°F ' HEAT GLOVE

120

117
120

150
160

]50
I75
185

150
175

150
150

3O0
150
150

150
300
150
150

150
3OO
150
150

150
175
150

150
3O0
150
150

3OO
400

25O

25O

250

3OO
3OO
4OO
3OO
400
5OO

(SECONDS)

10-15

34.0
5.0

12.6
7.3

25.2
9.7
8.0

20.6
8.0

7.5
31.3

7.2
18.1
61.0

70.3
21.7
32.5

+90.0

35.6
13.1
13.6

+90.0

14.4
9.5
7.3

14.4
11.4
13.2
66.1

12.0
10.2

15.9

13.5

5.2

18.7
37.0
27.6
30.7
21.0

18.5

NOTES: LIGHT TOUCH PRESSURE(LESSTHAN 1 PSI) APPLIED TO HEATED METAL SURFACE. THE ELBOWAND KNEE
SOMETIMESRECEIVED SECONDDEGREEBURNSWITHOUT PAIN.

SOURCE: ADAPTED FROMNORTH AMERICANAVIATION (23).
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5.7.2.4.2.2 Material of construction. - Material of construc-

tion shall consider thermal insulation, air permeability, water

vapor permeability, water absorption, radiation emission and absorp-

tion, abrasion and tear resistance, and weight. XR-C-2

Insulation of clothing is expressed in "clo" units and shall be

defined as:

i clo = 0.88°F

B-_u/ft2hr

or 0.18°C

KCal/m2hr

(Burton, 25). XR-S-2

5.7.2.4.2.3 Clothing and metabolic activity rate. - The insu-

lation in clothing required for cold environments for thermal balance

at various levels of activity shall be determined from figure 87,

section 5.7.1.3.3. (Burton, 25). XR-S-3

5.7.2.4.2.4 Excess of 4.5 clo. - Clothing values in excess of

4.5 clo shall not be recommended for conditions of work that require

more than gross bodily movements. (Webb, 21). XR-S-3
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5.7.3 Safety. - Safety shall be considered for all industrial

activities. Those safety considerations which are applied during the

design phase of system development are generally superior in concept

and operation to those which are applied in the post-design phase.

Design engineers shall incorporate all feasible methods of reducing

hazards and accident rates into their designs. Where tradeoffs are

unavoidable, procedures which minimize hazards will be developed as

equipment is designed. XR-C-I

5.7.3.1 Preliminar_ design safety factors.

5.7.3.1.1 Inherent hazards. - All hazards shall be identified

and associated with the function accomplished by the design; eg,

cryogenics, hypergolics, and high voltage. XR-C-I

5.7.3.1.2 Fail-safe design. - Where high reliability cannot be

expected and the consequences of failure will be severe, design shall
be fail-safe. XR-C-I

5.7.3.1.3 Special considerations. - To assure safety during

installation, checkout, maintenance and operation of the equipment,

consideration shall be given to requirements of space, configuration,

controls, and indicators. XR-C-2

5.7.3.1.4 Warning devices. - A warning device shall be used in

the following cases:

(a) A hazard alerting device shall be provided to

warn personnel of impending or existing

hazards; eg, fire or presence of combustible

or hazardous gas. XR-C-I

(b) Operations of switches or controls which ini-

tiate hazardous operations such as ignition

and crane moving, shall require the prior

operation of a related locking control. Where

practicable, the critical position of the

operational controls will activate a warning

device in the affected area. XR-C-I

5.7.3.1.5 Interface requirements. - The interface requirements

between a design and a facility or equipment (including that of

other contractors) shall be checked to identify hazards or hazard

potential situations. XR-C-I

5.7.3.1.6 Markings. - Conspicuous markings or labels shall be

provided to warn personnel of high voltage, high gas pressure,

flammable liquids, and toxic liquids or gases. These markings shall

be located on or adjacent to the hazardous equipment or material.

XR-C-1
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5.7.3.2 Specific design requirements.

5.7.3.2.1 Maintenance safety precautions. - Attention shall be

given to the following maintenance precautions:

(a) Built-in lighting for in-cabinet maintenance

will be provided. In cases where this is

not feasible, provision shall be made for

portable lights to illuminate the work area.
XR-C-2

(b)

(c)

(d)

(e)

Maintenance in blind spots shall be avoided.

No deviation shall be permitted where high

voltage sources, hot or cold components or

other dangerous equipment are present. XR-C-I

Internal controls such as switches and adjusting

screws shall not be located close to dangerous

components or equipment. XR-C-2

Components which retain heat or electrical poten-

tial when the equipment is turned off shall not

be located where personnel are likely to touch

them during routine maintenance. XR-C-2

Safety glass or clear plastic shall be used

rather than breakable glass. XR-C-2

(f) Clips, snap rings or other devices shall be

used to secure glass windows. Cement shall

not be used alone. XR-C-2

(g) Provision shall be made for finger clearance

in the design of telescoping steps, extension

ladders and in other applicable situations.

XR-C-I

5.7.3.2.2 Access safety precautions. - Attention shall be given

to the following access precautions: See 5.8.5.

(a) Accesses shall be located so as to prevent

personnel from touching hot or extremely cold

components, toxic materials, electric current,

sharp edges or moving machinery. XR-C-1

(b) Tool guides shall be provided to prevent con-

tack with high voltages. XR-C-I
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(c) Internal lighting which automatically illuminates

a hazard when the access door is opened shall be

provided. Two bulb reliability shall be pro-

vided. XR-C-I

(d) Visual access shall be provided where mainten-

ance operations must be performed in dangerous

areas. XR-C-I

(e)

(f)

Access openings shall be deburred and rounded

and fiber plastic or rubber coverings shall

be provided where sharp edges could injure

personnel or equipment. XR-C-I

Diagrams may be used on access covers to indi-

cate adjustment or service points. XR-C-3

Wherever feasible, locking devices shall be pro-

vided on access doors to prevent them from

closing during maintenance operations. XR-C-3

(h) Highly visible warning labels shall be provided

on all access openings to dangerous equipment.
XR-C-I

O 5.7.3.2.3 Test point safety precautions. - Attention shall be

given to the following test point precautions: See 5.8.14; 5.8.15.

(a) Cables in junction boxes shall be fanned out

for checking if standard test points are not

provided. XR-C-!

(b) Test points shall be physically recessed or

otherwise protected from damage by moisture,

personnel or stresses of noise and vibration

wherever possible. XR-C-2

(c) Direct insertion or quick disconnect connectors

shall be used unless high pressures demand

threaded connections. XR-C-2

(d) Plugs with built-in test points shall provide

access to the output of replaceable units having

no built-in test points.

(e) Test points shall be provided with a holding

device if a test probe or service nozzle must

remain connected to a point without being held

by personnel. XR-C-2
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(f) No more than one full turn shall be required to

connect the test equipment lead to the test

point. XR-C-2

(g) High pressure test indicators shall be built in

wherever possible to avoid the dangers of

temporary high pressure connections. XR-C-2

(h) Test and service points on high pressure fluid

systems shall be keyed to probes or nozzles so

the point is not opened until the probe or

nozzle is fully inserted. XR-C-1

(i) Guides for test probes shall be provided when

test points are internally located or where

visual access to the point is limited. XR-C-I

5.7.3.2.4 High voltage precautions. - Attention shall be given

to the following high voltage precautions:

(a) Personnel shall be protected from potentially

dangerous components by every reasonable method

possible such as guards, locks, covers, warning

labels, component grounding, special fittings

which require insulated tools, and spacing

between components to prevent a tool from making

contact between two exposed fittings as well as

insulating mats, gloves and boots. XR-C-I

(b) All control shafts and control bushings shall be

grounded. XR-C-I
l

(c) Equipment shall be designed so that moisture can-

not collect near electrically operated controls

to produce dangerous shocks. XR-C-I

(d) Equipment design shall prevent accidental contact

with voltages in excess of 24 volts. XR-C-I

(e) Equipment design shall prevent exposure to

voltages in excess of 500 volts when cases and
seals are removed for maintenance and repair.

Equipment access doors or covers shall incor-

porate interlocks which will remove all poten-

tials in excess of 150 volts. XR-C-1
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5.7.3.2.5 Safety equipment and devices. - The following equip-

ment and devices shall be provided where appropriate:

(a) First aid kits containing appropriate remedies

and equipment shall be located at strategic

points outside the hazard areas. XR-C-I

(b) Eye baths, showers and other appropriate equip-

ment shall be readily available in areas where

toxic materials are handled. XR-C-I

(c)

(d)

Automatic shut-off devices shall be provided on

fuel service equipment to prevent overflow and

spillage. XR-C-I

Portable hand-operated fire extinguishers shall

be provided in areas where fire hazards exist

or may be created. XR-C-I

(e) All emergency doors and exits shall be designed

so that they are easily accessible, unobstructed

and quick opening. They shall also be designed

to open with a single motion of hand or foot.

XR-C-1

(f)

(g)

(h)

To insure maximum personnel protection, provision

shall be made for neutralization or flushing of

harmful materials spilled on equipment as well

as personnel. XR-C-I

Areas of operation or maintenance where special

clothing, tools or equipment are necessary shall

be specifically identified and appropriate

action taken to ensure the availability of such

items (eg, insulated shoes, non-sparking tools,

gloves or suits). XR-C-I

Self-locking or other foolproof devices shall be

incorporated into elevating stands or work plat-

forms to prevent accidental collapse. XR-C-I

(i) O_riggers or some fo_ of anchor shall be incor-

ported into studs with hi_ centers of _avity.
_-C-1

(j) A guard shall be provided on all moving parts of

machinery a__d trar_smission equipment in which

personnel may become entangled or injured.
XR-C-1

O
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(k)

(i)

(m)

(n)

Handrails, safety bars or chains shall be

provided on platforms, stairs, around floor

openings or wherever the possibility of a fall

exists. See figures 68 and 69 and table XXV,

5.5.2 Work space. XR-C-I

Skid proof flooring and stair or step treads

shall be provided where applicable. XR-C-I

Ladder cages shall be provided for fixed ladders

over 20 feet long.

Hinged panels and doors that are to be used out-

doors shall be designed to withstand 60 mph

winds in the full open position. XR-C-2

5.7.3.3 Auditory warning displays.

5.7.3.3.1 Us age.

(a) Auditory signals shall be used where the demands

upon personnel for visual attention are com-

plex, and immediate attention must be obtained.

XR-C-1

(b) Auditory warning signals (employed in addition

to visual signals) shall be used to relay

specialized information such as: XR-C-I

(i) Equipment malfunctions, resulting in damage

to the equipment.

(2) Unsafe conditions for personnel.

(3) Alerts and emergencies.

(4) Moving equipment.

(5) Incoming communication signais.

(c) Only standard auditory signals should be used;

eg, klaxon horn, bells, siren, buzzers, etc.

XR-C-2

5.7.3.3.2 Selection criteria.

(a) Equipment design specifications shall include

the events requiring warning signals, and the

priorities assigned to these signals. XR-C-I

@
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When selecting an auditory warning device,

consideration should be given to the frequency,

intensity level, and character (ie, steady,

intermittent, modulated) of the signal relative

to the noise o_er which the signal must be
heard. XR-C-2

The intensity level of auditory warning signals

shall be kept below 130 db., (approximately

the lower limit of the pain threshold in the

human ear). (Childs, 26). XR-S-2

The signals of the warning devices shall be

between 220 and 32uu cps. _n1±as, _o). _n-o-_

Auditory signals shall be channeled through ear-

phones for personnel who are working in an

envirorznent of high ambient backgrcund noise.
XR-0-2

In areas where auditory warning signals are to

be used, the following measurements of sound

pressure level are to be made:

(i) Measurements of ambient noise.

(2) Measurement of the ambient noise plus the

auditory warning signals. These measure-

ments are to be used to assure that ambient

levels do not mask the warning signal.

The difference in intensity level as a function

of frequency between a pure tone warning sys-

tem and the ambient noise level shall not be

any less than that sho%71 for each octave band

in figure 94. (Childs, 26). XR-S-2

A voice warning system shall deliver a signal

which will give at least 55 percent word

intelligibility during the noisiest anticipated
environment. XR-C-I
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OVERALL

102 2 4 6 103 2 4 6 104

9600

Figure 94. Minimum. allowable difference in intensity level between

a pure tone and ambient noise for the pure tone to be

just audible SPL's vs. octave bands.

5.7.3.4 Environmental toxicity. - All atmospheric contaminants

are toxic if introduced into the body in amounts greater than some

threshold value, but even for amounts that _ight be subthreshold,

contaminants are toxic if present in the body in abnormal concentra-

tions, including substances that are normally present in the body.

For this reason, it is not possible to select any particular bio-

logical parameter for relation to engineering variables. Each sub-
stance must be treated in terms of' its own threshold value and its

bodily effects. In all cases both concentration and time of exposure

are the critical conditions. (Aero Medical Assoc., 27). XR-S-2

5.7.3.4.1 Carbon dioxide (C02). - Most atmospheric contaminants

result from industrial or automotive processes and are subject to

engineering control. An exception is carbon dioxide, which might be

an industrial residue but which also is introduced into the air as

a product of body metabolism. For prolongeR, continuous #xposure to

CO_,, a maximum concentration of about i percent is recommended.

(ASro Medical Assoc., 27). XR-S-2
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5.7.3.4.2 Carbon monoxide (CO). - Carbon monoxide is odorless

and cannot be detected by the human sense of smell. It is present in

the atmosphere as a result of incomplete combustion almost everywhere

that people are found but especially in industrialized areas. (Aero

Medical Assoc., 27). XR-S-2

Major sources of CO are:

(a) Water gas 40 perce v

(b) Industrial blast furnaces 30 percent

(c) Artificial illumination gas 25 percent

(d) Gasoline--engine exhaust 7 percent

(e) Coal gas 5 percent

5.7.3.4.3 Other contaminants. - Example of CO may be taken as

representative of the action of some other chemical asphyxiants.

CO 2 is a simple asphyxiant in that its effects are produced simply by

displacing oxygen in inspire@ air. Other simple asphyxiants; eg,

helium--}[E, hydrogen-K2, nitrogen-N2, methane-CH, ethylene-C2H4, and
nitrous oxide-N0, act in the _ame manner as carbon dioxide. (Aero

Medical Assoc., 27). XR-S-2

A brief list of common toxic agents and their maximum allowable

cc _ntrations is presented in Table XXVI. See 5.5.2.1.4
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5.8 Maintainability.

5.8.1 Haintainability definition. - The term maintainability

refers to the design of equipment for ease of servicing, calibration,

repair and replacement. The maintainability of equipment may be con-

sidered as a measure of the ease with which the equipment can be

kept in operating condition. Tn the design of earth launch systems,

consideration shall be given to the design for ease of maintenance.
XR-C-I

5.8.2 Types of maintenance. - Design for maintainability shall

__ _± v_ _ four b#_ of maintenance likely to be used on

the equipment. The analysis of the task shall be sufficient to

determine the requirements for the following: ,YP,-C-!

(a) Regularly scheduled _reventive maintenance tasks

(b) Testing

(c) Trouble shooting

(d) Replacement or repair of components and units

5- 8.3 Maintenance criteria.

5.8.3.1 Design for ease of maintenance. - The design of equip-

ment shall include features to ease all of the maintenance tasks

that will have to be performed. XR-C-I

5.8.3.2 Reliability of components. - The designer shall be

responsible for the selection of components of high reliability.

XR-C-I

5.8.3.3 Component arrangement. - Components shall be arranged

in such a manner that maintenance and repair can easily be performed.

XR-C-1

5.8.3.4 Early design. - Maintenance criteria shall be arranged

in the earliest possible stages of the planning. To successfully

design for maintainability, the engineer should obtain the follow-

ing information: XR-C-I

(a) Information about operational equipment similar

to the proposed equipment in design.

(i) A listing of the maintenance features used.

(2) A listing of problems in maintenance of the

system.

O
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(b) Specific function of the equipment in the sys-
tem.

(c) The exact location of the equipment in the

system.

(d)

(e)

(f)

Structural members that may limit access or

space available for the equipment. Design

shall attempt to overcome this reduction in

maintenance efficiency.

The test equipment and tools that will be

needed to maintain the equipment.

The types of maintenance men who will be avail-

able to care for the equipment. The lower the

skill level the maintenance crew will have, the

more need for assistance from the engineer.

The work and storage areas to be used for the

equipment and support gear.

(h) The level of maintenance that will be done at

the use location.

(i) The reliability of the components and the entire

unit.

5.8.4 Specific maintainability criteria.

5.8.4.1 Unitization.

(a) Unless structurally or functionally unfeasible,

all equipment shall be designed in such a manner

that rapid and easy removal and replacement of

malfunctioning units can be accomplished.
XR-C-I

(b) Unitization of system equipment shall be carried

at least to the level of the diagnostic capa-

bility of the test equipment or operator. That

is, if the capability exists to isolate a mal-

function of a part, component, or assembly of

the equipment in its normal operation condi-

tions, then that component, or part of the

assembly shall be packaged so as to be quickly

and easily removed and replaced. Unitization

to a lower level than that specified above may

be desirable for purposes of bench maintenance.

O
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(c) Units serving the same function in different ap-

plications shall be designed to be interchange-

able, whenever posiible. XR-C-2

(d) Functions shall be so unitized that it is pos-

sible to adjust each unit separately, where

consistent with maintenance concepts. XR-C-2

(e) Test points shall be located so that input and

output of each unit may be checked separately

whenever possible. XR-C-2

5.8.4.2 Location of components.

5.8.4.2.1 Orderly array. - Parts shall be mounted in an order-

ly array on a two-dimensional surface and not stacked one on another,

ie, the lower layer not supporting the upper layer of units. See

figure 95. XR-C-2

5.8.4.2.2 Large components. - Large manufactured parts which

are difficult to remove shall be so mounted that they do not prevent

convenient access to other parts. XR-C-2

5.8.4.2.3 Space for test equipment. - Sufficient space shall

be provided so that test equipment and other required tools can be

used without difficulty or hazard due to moving mechanical parts,

high voltages, toxic or corrosive chemicals, or extreme tempera-
tures. XR-C-2

5.8.4.2.4 Placement of structural members. - Structural

members of the units and chassis shall not prevent access to other

components. XR-C-2

5.8.4.2.5 Throwaway assemblies. - All throwaway assemblies or

parts shall be accessible without removal of other components.

XR-C-2

5.8.4.2.6 Adjacent components. -Adjacent components shall

not be damaged while the repaired unit is being repaired or main-

tained. XR-C-2

5.8.4.3 Mounting of units.

5.8.4.3.1 Code interchangeable units. - All interchangeable

units shall be coded (keyed) so that it is physically impossible

to insert a wrong unit. XR-C-I

5.8.4.3.2 Array. - Where possible units should be laid out so

that a minimum of place-to-place movement is required of the opera-

tor during checkout. XR-A-3
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BEST

UNITS REOUIRING
LESS FREOUENT ACCESS
AND/OR THOSEMOST
DIFFICULT TO REMOVE
IN THE BACK

ACCEPTABLE 0

POOR

Figure 95. Mounting of units
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5.8.4.3.3 Frequency. - Units which are frequently pulled out

of their installed position for checking shall be mounted on roll-

out racks, slides, or hinges (where weight is not critical). XR-C-2

5.8.4.3.4 Guide pins. - Guide pins or their equivalent shall

be provided on units for alignment during mounting. XR-C-I

5.8.4.3.5 Limit stops. - Limit stops shall be provided on

roll-out racks and drawers. Override of these limit stops shall be

conveniently accomplished. XR-C-2

5.8.4.3.6 Unit removal. - Units shall be remo_b!e along a

straight or slightly curved line rather than through an angle.
XR-C-2

5.8.4.3.7 Extensions. - Irregular, fragile, or awkward exten-

sions, such as cables, wave oou_ides, hoses, etc, shall be easily

removable before the unit is handled. XR-C-2

5.8.4.3.8 Standard orientation. - Components of the same or

similar form, but of different functional properties (eg; vacuum

tubes), shall be mounted with a standard orientation through the

unit, but shall be readily identifiable, distinguishable, and not

physically interchangeable. See figure 96. XR-C-I

5.8.4.3.9 Mounting. - Only interconnecting wiring and struc-

tural members shall be permanently attached to the unit chassis.

All parts shall be mounted on or as subassemblies. XR-C-2

5.8.4.3.10 Location of meters. - Meters, readouts, counters

and other components which are subject to periodic calibration shall

be installed in such a way that they can be easily removed, pref-

erably from the panel front. Where feasible, connection to the rest

of the circuitry by crimping, soldering or other permanent means

shall be avoided. XR-C-2

5.8.4.3.11 Periodically tested components. - See 5.8.15 for

details.

5.8.4.h Operating conditions. - Men and equipment are affected

by their environment. The designer shall assume that the equipment

will be maintained at the extremes of the possible environmental

conditions, and shall provide features to facilitate maintenance

under such conditions. See 5.5.1, 5.5.2, 5.7.1 and 5.7.2 for

details. XR-C-I

5.8.4.4.1 Protective garments. - The requirement for protective

garments shall be reflected in more generous access and work space

dimensions. See 5.7-3. XR-C-2

O
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TUBE SOCKET GAPS CONSISTENTLY ORIENTED

0

USE THIS

j NOT THIS

Figure 96. Standard orientation of components
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5.8.h.4.2 Environmental factors. - Those environmental factors

that cannot readily be controlled shall be compensated for in the

design. See 5.7.1. XR-C-I

(a) Extreme cold shall require increases in access

dimensionu to accommodate heavy clothing.

XR-C-2

(h) Humidity and heat may require larger knob and

control sizes and texturing to reduce effects

of perspiration. XR-C-2

(c) Variations in illumination and contrast may

require siJpp!ementary so_,_c_= n9 1_ghting.

See 5.6.1 for details. XR-C-2

5.8.5 Access requirements.

5.8.5.1 Justification. - Accessibility shall be considered a

prime maintainability problem. Ineffective maintenance is often

the result of inaccessibility. Maintenance personnel will tend to

delay or omit maintenance actions, to make mistakes, and to acci-

dentally damage equipment, if they cannot adequately see, reach

and manipulate the items on which they must work. XR-C-I

5.8.5.2 Application. - Access shall be provided to all points,

items and components which require or may require testing, servic-

ing, adjusting, removal, replacement or repair. XR-C-I

5.8.5.3 Design considerations. - The type, size, shape, and

location of access shall be based upon a thorough understanding of

the following required information:

(a) Operational location, setting and environment

of the unit. XR-C-2

(b) Frequency with which the access route must be

used. XR-C-2

(c) Maintenance functions to be performed through

the access route. XR-C-2

(d) Time requirements for the performance of these

f_ctions. XR-C-2

(e) Types of tools and accessories required by

these functions. XR-C-2

(f) Work clearances required for performance of

these functions. XR-C-2
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(g) Type of clothing likely to be worn by the
technician. XR-C-2

(h) Distances to which maintenance personnel must
reach within the access. XR-C-2

(i) Visual access requirements of personnel in per-
forming the task. XR-C-2

(j) Packaging of items, elements and units behind
the access. XR-C-2

(k) Mounting of items, units and elements behind the
access. XR-C-2

(i) Hazards involved in or related to use of the
access. XR-C-2

(m) Size, shape, weight and clearance requirements
of logical combinations of the humanbody, and
tools, units and other equipment that must use
the access route. XR-C-I

5.8.5.4 Access requirements (specific).

5.8.5.4.1 Equipment design. - The equipment shall be designed

for overall accessibility where required and where possible. XR-C-I

(a) Split-line design (convenient line disconnects)

shall be provided. XR-C-2

(b) Hinged or removable chassis shall be used. See

figure 97.

(e) Major units and assemblies shall be designed

with removable housing to make complete in-

spections possible. XR-C-2

(a) Spacecraft or missile skin shall be hinged

for ease of access to assemblies and acces-

sories during major checkouts, turn-around,

etc. X_R-C-2

le) The design of unit accessibility features shall

be correlated with the accessibility require-

ments of the overall system. XR-C-2

O

O
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CLOSED OPEN

HINGES

CA1-CH

Figure 97. Fold-out construction

5.8.5.4-2 Visibility. - Check points, adjustment points, cables

and connectors, and labels shall be accessible for easy observance.
XR-C-1

5.8.5.4.3 Accessibility. - Accesses shall be designed, located,

covered, and fastened in such a manner as to avoid the necessity for

removing components, wires, etc., to reach the item requiring main-
tenance. XR-C-I

5.8.5.4.4 Interference. - Bulkheads, brackets, other units,

etc, shall not interfere with removal or opening of covers of units

within which work must be done. XR-C-2

5.8.5.4.5 Unit removal. - Design so that the removal of any

replaceable unit shall require opening of only one access, unless

the accesses are of the latched and hinged door type. XR-C-2

5.8.5.4.6 Visual inspection. - Items requiring only visual

inspection (hydraulic reservoirs, gauges, etc) shall be located so

that they can be observed without the removal of panels or other

components. XR-C-I. Where a protective cover is required, the fol-

lowing factors shall be considered: See figure 98.

(a) An opening with no cover shall be used unless

this is likely to degrade system performance.
XR-C-1
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ACCESSAPERTURES

 iiiiiiiiiiiiiiii 
BEST KIND- NO COVER

(USE WHENEVERPOSSIBLE)

ORDER
OF
PREFERENCE

_ PERMANENTGLASSOR PLASTIC
_______ COVER (USE WHEREVISUAL INSPECTION

__- 11 ./_j_.,,__-..._NLY ISREQUIRED)

SLIDING OR HINGED COVER
(USE WHEREPHYSICAL ACCESSIS REOUIRED
AND WHEREDIRT AND MOISTURE

__...;2.._....._...... BE A PROBLEM)

-., _ _ CAPTIVE OUICK OPENING FASTENERS

__ (USEWHENSPACE PREVENTS
_USE OF HINGED COVER)

SCREWEDDOWNCOVER
(USE ONLY WHENSTRESSOR
PRESSURIZATIONREOUIRES.
KEEP NUMBEROF SCREWSDOWN
TO A MINIMUM.)

Figure 98. Access and inspection openings
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A plastic window shall be used if dirt,

moisture, or other foreign materials are a

problem. XR-C-I

(c)

(a)

A break-resistant glass window shall be used

if physical wear, heat or contact with sol-

vents will cause optical deterioration of a

plastic window. XR-C-I

A quick-opening metal cover shall be used if

glass will not meet stress or other require-

ments. XR-C-I

5.8.5.4.7 Edge protection. - The edges of accesses shall be

lined with internal fillets or other suitable protection wherever

sharp edges might otherwise injure personnel or equipment such as
hoses. XR-C-2

5.8.5.4.8 Safety. - Where accesses are located over unavoid-

able dangerous mechanical or electrical components, design the

access door so that when opened, an internal light shall illuminate.

A warning label shall be provided on the door. XR-C-1

5.8.5.4.9 Interlocks. - Safety interlocks shall be incorporated

on accesses leading to equipment with high voltages. If the equip-

ment circuit must be on during maintenance, provide a cheater switch

that automatically resets when the access is closed. XR-C-I

5.8.5.4.10 Service equipment. - Where access for tools, test

leads, and service equipment is required, the following practices

shall be observed (in order of preference): XR-C-I

(a) Use an opening with no cover unless this is

likely to degrade system performance. XR-C-I

(h) Use a sliding or hinged cap if dirt, moisture,

or other foreign materials are a problem.

XR-C-I

(c) Use a quick-opening cover plate if a cap will

not meet stress requirements. XR-C-I

5.8.5.4.11 Tanks. - Self-sealing tanks shall be provided with
an access of such size and location that the entire interior of the

tank is available for inspection, cleaning, or other maintenance

without removal of the tank. XR-C-2

365



MSFC-STD-267A
January 31, 1966

5.8.5.4.12 Access covers. - All access covers which are not

completely removable shall be self-supporting in the open position.

XR-C-I

5.8.5.4.13 Rear access. - Sliding, rotating, or hinged units

to which rear access is required shall be free to open or rotate

their full distance and remain in the open position without being

supported by hand. XR-C-I

5.8.5.4.14 Instructions. - If lettered instructions relating

to a covered unit are required on or adjacent to a hinged door, the

lettering shall be properly oriented for reading when the door is

open. XR-C-I

5.8.5.4.15 Multiple units. - Wherever possible, units shall be

so located that no other equipment must be removed to gain access

to or remove the unit. When necessary to place one unit behind

another, the unit requiring most frequent access shall be most ac-

cessible to the user. XR-C-I

5.8.5.4.16 Two-man maintenance. - Access to units maintained

by one operator shall not require removal of equipment maintained

by a second operator, when such equipment is of critical nature and

its maintenance requires highly specialized skill. X_R-C-2

5.8.6 Location of accesses.

5.8.6.1 Access criteria. - Access openings shall be located:

(a) Only on unit faces that will be accessible in

normal installation. XR-C-I

(b)

(c)

To permit direct access and maximum convenience

for job procedures. XR-C-I

Away from extreme temperatures, high voltages, or

dangerous moving parts. If not possible, ade-

quate insulation, shielding, or guards shall be

provided around such parts to prevent injury to

personnel. XR-C-2

(d) So that heavy units will be pulled out rather than

lifted out. XR-C-2

(e) In accordance with the work space requirements in

5.5.2. _R-C-I
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5.8.6.2 Size of accesses.

5.8.6.2.1 General requirements. - Make accesses whatever size

and shape is necessary to permit easy passage of the required items,

body parts, tools or equipment. XR-C-I

5.8.6.2.2 Number of accesses. - One large access shall be

preferable to two small ones; but where structural or other consid-

erations require separation, visual and physical access may be pro-

vided separately. XR-C-I

5.8.6.2.3 Supplementary accesses. - Where stress doors are em-

ployed or access covers are otherwise difficult to remove, provide a

smaller access to frequently used test or service points. _R_-C-2

5.8.6.2.4 One-hand access. - One-handed access openings shall

conform to the following criteria:

(a) Minimum space requirements for finger access

shall follow the requirements listed in

figure 99. (MCKendry, I). XR-S-2

(b) Minimum space requirements for full hand to

wrist access shall follow the requirements

listed in tables XX_III, XXXIV, XXXV, XXXVI,

and XXXVII, and figure 99. (Altman, 2 ;

McKendry, I). XR-S-2

(c) Minimum space requirements for full hand beyond

wrist access shall follow the requirements

listed in figure i00. (Altman, 2). XR-S-2

5.8.6.2.5 Specific one-hand access.

(a) Minimum space for inserting empty hand held flat

shall be 2 i/_ by 4 inches. See figure 99.

(Hertzberg, 3). XR-S-2

(b) Minimum space for inserting empty hand through

square hole shall be 3 1/2 by 3 1/2 inches.

(Herr zberg, 3). XR-S-2

(c) Minimum space for inserting aminiature vacuum

tube, held with the thumb and first two fingers,

up to the center knuckle of the middle finger,

shall be 2 by 2 inches. XR-C-I
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Table XXXIll.

Space envelope for plug-in operations

(tubes of various sizes removed and replaced)

0

DISTANCE HORIZONTAL AXIS VERTICAL AXIS
FROM

ENDOF
FINGERS

1 INCH

2 INCHES

3 INCHES

4 INCHES

5 INCHES

6 INCHES

LEFT WIDTH
MEAN RANGE

RIGHTWIDTH
MEAN RANGE

UP DOWN
MEAN RANGE MEAN RANGE

1.31 .41-2.66

1.64 .83-3.33

1.70 .83-3.41

1.55 .66-3.16

].30 .41-2.66

1.08 .25-2.50

1.19 .56-2.05

1.43 .68-2.40

1.53 .68-2.40

1.59 .62-2.35

1.58 .56-2.30

1.55 .56-2.30

1.69 1.18-2.45

2.04 1.41-2.68

2.23 1.90-2.56

2.24 1.75-2.81

2.16 1.37-2.87

2.07 .87-2.75

1.23 .41-1.91

1.74 .75-2.91

2.06 1.16-3.25

2.30 1.58-3.75

2.46 1.50-3.91

2.56 1.80-3.91

Table XXX!V.

Space envelope for grasping and turning tools
(pliers and wire cutters)

DISTANCE HORIZONTAL AXIS VERTICAL AXIS
FROM

END OF LEFT WIDTH RIGHTWIDTH UP DOWN
FINGERS MEAN RANGE MEAN RANGE MEAN RANGE MEAN RANGE

1 INCH

2 INCHES

3 INCHES

4 INCHES

5 INCHES

6 INCHES

1.64 .50-2.65

1.96 .68-3.20

2.08 .81-3.50

1.86 .56-3.40

1.49 .47-3.20

1.29 .50-2.80

1.67 .66-2.25

2.19 1.18-2.68

2.44 1.50-3.12

2.49 1.68-3.37

2.89 1.68-3.00

2.36 1.62-2.99

1.20 .50-1.83

1.61 .66-2.16

1.72 .75-2.16

1.74 .83-2.41

1.83 1.00-2.50

1.83 1.08-2.50

1.69 .66-3.08

2.26 1.00-3.16

2.66 1.00-2.91

1.88 .91-2.41

1.52 .83-2.08

1.40 .66-2.08
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Table XXXV.

Space envelope required for using an average-sized
socket Allen wrench to remove a knob

(2 inches in length)

DISTANCE HORIZONTAL AXIS VERTICAL AXIS
FROM

ENDOF LEFT WIDTH RIGHT WIDTH UP
FINGERS MEAN RANGE MEAN RANGE MEAN RANGE

I I rl Lsrl

2 INCHES

3 INCHES

4 INCHES

5 INCHES

6 INCHES

1 I'_/) rll"_ 1 O'/
A.UL .UU- J..UI

1.12 .00-2.00

1.22 .00-2.13

1.31 .00-2.18

1.36 .00-2.18

1.42 .00-2.13

_)nlE ") 10 A r'lrt
L.J_I L.£1- "lr. UU

3.38 2.12-4.56

3.38 2.12-4.35

3.07 L93-3.87

2.64 1.62-3.37

2.31 1.41-3.12

_J._u L._Ju "-lr. Uv

3.72 3.00-4.41

3.59 3.00-4.08

3.31 2.25-3.75

2.91 1.25-3.40

2.77 1.16-3.41

DOWN

MEAN RANGE I
1 -/Q '_'__1:::;'_'_
J..s J ._ ,J._,,a

2.26 .66-5.41

2.54 .66-5.08

2.50 .66-4.16

2.25 .66-3.83

2.01 .58-3.41

Table XXXVI.

Space envelope required for using an average-sized

socket wrench to turn a nut (3/8 inch base with 3-1/4 inch shaft)

DISTANCE HORIZONTAL AXIS VERTICAL AXIS
FROM

/

END OF LEFT WIDTH RIGHT WIDTH UP DOWN
FINGERS MEAN RANGE MEAN RANGE MEAN RANGE MEAN RANGE

1 INCH

2 INCHES

3 INCHES

4 INCHES

5 INCHES

6 INCHES

2.09 .47-3.20

2.12 .50-3.35

2.04 .56-3.31

1.86 .68-3.18

1.54 .56-2.81

1.31 .47-2.50

2.92 2.25-4.30

3.25 2.37-4.55

3.13 2.43-4.35

2.94 2.06-4.35

2.73 1.93-4.35

2.55 1.37-4.25

2.73 2.00-3.75

2.86 1.75-3.75

3.10 1.83-4.25

3.23 2.08-4.41

3.25 2.33-4.08

3.11 2.50-4.16

2.88 2.08-3.33

2.65 1.66-3.41

2.10 1.33-2.50

1.65 1.08-2.08

1.10 0.66-1.75

0.76 0.50-1.25
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Table XXXVII.

Worksoace for hand tool tasks

TASK

TURNING BOLT WITH

COMMONSCREWDRIVER

(VERTICAL PLANE)

TURNINGBOLT WITH

COMMONSCREWDRIVER

(HORIZONTAL PLANE)

TURNING BOLT WITH

OFFSET SCREWDRIVER

(VERTICAL PLANE)

TURNINGBOLT WITH

OFFSET SCREWDRIVER

(HORIZONTAL PLANE)

CUTTINGWIRE

(VERTICAL PLANE)

CUTTING WIRE

(HORIZONTAL PLANE)

DEPTHOF

REACH(Z)
iNCHES FROM

ACCESSTO
WORKPOINT)

6

12

18

24*

MAXIMUMSPACEUSEDAT ANY DEPTH

UNCLOTHEDARM

WIDTH (X_* HEIGHT
RIGHT LEFT DOWN

2.0 1.2 2.2

2.3 2.0 2.3

2.8 1.8 2.3

3.3 1.8 2.3

2.4 2.2 0.3

2.9 1.4 1.9

3.4 1,5 2.2

6 3.8 2.5 3.8

12 2.3 4.4 4.1

18 2.7 4.3 4.4

24 3.3 4.2 4.4

2.5

3.3

3.1

3.5

6 2.3

12 2.5

18 3.0

24 1.9

4.8 1.4

4.3 2.1

4.2 2.8

4.4 3.4

1.9 1.8

2.0 2.3

2.1 2.3

3.3 3.5

6 2.8 0.6 1.4

12 2.7 1.0 2.3

18 2.9 1.5 2.3

24 3.8 1.7 3.7

(Y) WIDTH
UP RIGHT

ARCTIC JACKET AND
LEATHER GLOVE

(X) HEIGHT
LEFT DOWN

(Y)
UP

1.7 2.3 1.9 2.3 1.9

1.7 3.4 3.1 3.1 2.4

2.0 3.8 2.9 3.2 3.8

2.0 3.8 2.5 4.1 2.9

8.3 2.8 1.6 0.7 8.6

8.3 3.2 2.3 2.3 8.4

8.3 4.0 2.8 2.8 8.0

1.1 2.8 4.6 4.4 1.1

1.4 2.8 5.3 5.2 2.4

2.9 2.9 5.3 5.4 2.5

1.2 4.0 4.4 4.4 3.1

2.5 4.3 1.5 3.6

3.2 5.2 2.7 3.3

3.7 4.5 2.8 3.8

3.7 5.3 4.4 3.4

2.6 2.3 2.4 2.3

3.7 2.0 3.1 2.4

3.5 2.9 3.4 2.8

4.1 3.1 4.2 3.4

3.1 _.2 3.2 1.8

3.2 2.1 3.2 2.7

3.6 2.9 3.0 2.8

4.2 2.9 Q 4.5 2.8

2.8

3.7

3.7

4.1

2.2

2.2

2.3

1.7 i

!
2.9 I

2.1 i
3.2 I

1.8

ALL MEASUREMENTSARE IN INCHES. DEPTH ISALONG AN IMAGINARYLINE FROMTHE CENTER OFTHE WORKPOINT TO THE

CENTER OF THE EXTERNAL ACCESS. HEIGHT ANDWIDTHMEASURESARE TAKEN FROMTHE SAME IMAGINARYLINE.

* SUBJECT WASUNABLE TO REACHTHE WORKPOINT THROUGHTHE ACCESSAT THIS DISTANCE.

** LEFT AND RIGHT DIRECTIONSARE IN RESPECTTO SUBJECT FACINGTHE TASK.

ADAPTED FROMALTMAN 2.
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MINIMAL FINGER ACCESS3-0 FIRST JOINT:

_ _ PUSHBUTTON ACCESS:

• Bare Hand: 1.25" dia,
• GlovedHand: 1.5" dia.

. i_ :_

TWOFINGER TW]ST ACCESS:

I • Bare Hand: 2.0" dia. clearance around object
• Gloved Hand: 2.5"dia. clearancearoundobject

j ::

VACCUMTUBE INSERT ltube held as at right):

t/_ • Miniature tube: 2.0" dia. ciearance aroundobject

• Large tube: 4.0" dia. ciearance aroundobject

MINIMAL ONE HAND ACCESS OPENINGS:

!'_ EMPI-Y HAND TO WRIST:WIDTH HEIGHT

_• Bare hand, roiled: 3.75" sq. or dia.

]I _ • Bare hand, flat: 2.25"_ 4.!" or 4.!" dia.
_L- • Glove or mitten: 4.0" × 6.0 ' or 6.0 ' dia.

._Ji • Bulky Protective mitten: 5.0" × 6.5" or 6.5" dia.

l , CLENCHED HANDTO WRIST:

i; • Bare hand: 3.5" × 5.0" or 5.0" dia.

'. • Glove or mitten: 4.5" × 6.0" or 6.0" dia.
• Bulky Protective mitten: 7.0"._ 8.5" or 8.5" dia.

IJ

HAND PLUS 1" DIA OBJECT,

TO WRIST:

[: • Bare hand:

f!! " sq. or dia.

_}o Glove,or mitten:
_i_' 6.0' sq. or dia

:::'::; • Bulky Protective mitten:

7.0" sq. or dia.

HANDPLUS OBJECT OVER r' IN DIA

TO WRIST:

• Barehand:

1.75" clearance aroundobject

• Glove or mitten:

2.5" clearance around object

i_'e • Bulky Protective mitten:

3.5" clearance aroundobject

O
Fig_Ire 99. Hand access openings
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4.5" X 4.5" DIA OR 3.5"
TWO HAND REACH 6 TO 25 LIGHT CLOTHING AROUND OBJECT

INCHES IN DEPTH 7" x 7" DIA OR 3.5"
BULKY PROTECTIVE CLOTHING AROUND OBJECT

BLIND ACCESS

A
LIGHT CLOTHING

B

BULKY PROTECTIVE A
CLOTHING B

VISIBLE ACCESS
B

8" OR 75% OF REACH

5 H

6" PLUS 75%OF REACH

7 t!

22.6"

ARMTO SHOULDER

5" X 5", 5" DIA OR 3.5"
LIGHT CLOTHING AROUND OBJECT

8.5" X 8.5", 8.5" DIA OR
BULKY PROTECTIVE CLOTHING

3.5" AROUND OBJECT

O

INSERT OBJECT WITH HANDLES ON FACE

1
\

INSERT OBJECT WITH HANDS ON SIDES

A I BOX PLUS 1.5"
B J 8.5" OR BOX PLUS 1.5" WHICHEVER IS GREATER

Figure i00. Work

A I BOX PLUS 1.5"

B I BOX PLUS 4.5" (LIGHT CLOTHING)BOX PLUS 7" (BULKY PROTECTI'VE CLOTHING)

space requirements
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Table XXXVIII.

Space envelope for tools which require hand rotation

(screw drivers, spintites)

DISTANCE
FROMEND
OF FINGERS

1 IN.
2 IN.
3 IN.
4 IN.
5 IN.
6 IN.

HORIZONTAL AXIS VERTICAL AXIS

LEFT WIDTH
MEAN RANGE

1.16 .68-2.00
1.45 .92-2.25
1.49 .93-2.25
1.45 .65-2.20
1.41 .40-1.95
t.31 .35-2.50

RIGHT WIDTH
MEAN RANGE

1.90 1.37-2.50
2.31 1.75-2.85
2.42 1.88-2.81
2.40 1.75-3.00
2.32 1.63-2.95
2.21 1.68-2.90

UP
MEAN RANGE

1.51 .66-2.25
2.00 1.08-2.91
2.26 1.25-3.33
2.39 1.25-3.33
2.31 1.25-3.50
2.44 1.83-3.58

DOWN
MEAN RANGE

1.26 .50-2.08
1.62 .58-2.33
1.67 .58-2.58
1.52 .58-2.50
1.36 .58-2.25
1.04 .33-1.83

NOTE:
THE POINTS ARE GIVEN IN INCHESFROMAN IMAGINARY LINE
EXTENDING ALONG THE AXIS OF THE TOOL INVOLVED. WHEN
ALL FOUR UNDERLINED POINTS ARE PLOTTED ON PERPEN-
DICULAR AXESTHEY DESCRIBETHE MAXIMUMAVERAGE
VOLUME REQUIREDFOR THE OPERATION. A _IOREGENEROUS
ANDCOMFORTABLE ENVELOPE IS DESCRIBEDBY USINGTHE
MAXIMUMRANGEVALUES INSTEAD OF THE MAXIMUMMEAN
VALUES.
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(d) Minimum space for inserting a large vacuum

tube (CRC 1625, base diameter 1 3/8 inches,

height 4 1/2 inches, excluding pins and grid

cap) shall be 4 by 4 inches. XR-C-I

(e) Minimum space for inserting and tightening an

AN plug (14 pin connector-outside diameter

1 7/8 inches) shall be 4 by 4 inches. XR-C-I

(f) Minimum space for inserting a box (or electric

assembly) shall be the diameter of box plus

1 3/4 inches. XR-C-I

(g) Minimum space for inserting screw drivers shall

be in accordance with specifications found in

table XXXVIII. (McKendry, i). XR-S-2

5.8.6.2.6 Two-hand access. - Minimum space for two-hand acces-

ses, reaching with both hands to a depth of 6 to 25 inches, shall

conform to or exceed the following: See figure i00. (Altman, 2;

McKendry, i). XR-S-2

(a) Light clothing: 5 inches high by 8 inches

or 75 percent depth of reach, whichever is

greater.

(b) Bulky protection clothing: 7 inches high by

6 inches plus 75 percent of depth of reach.

(c) For visual contact, height shall be a minimum

of 22.6 inches.

(d) Clearances around objects inserted into

accesses shall conform to or exceed the clear-

ances in figure i00.

5.8.6.2,7 Specific two-hand access. - The following factors

shall be considered:

(a) Inserting a box (or electronic assembly)

grasped by handles on front into an aperture,

1 1/2 inch clearance on each side of the box

shall be provided. See figure i00. (Altman,

2 ). XR-S-2

(b) Reaching through aperture with both hands to a

depth of 6 to 24 inches, a width of 3/4 inch

depth of reach and a height of 4 inches shall

be provided. See figure i01. (Altman, 2)

XR-S-2
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REACH  W0Th

FOR INSERTING EMPTY

HANDS, APERTURE SHOULD BE
4" HIGH BY

3/4 X DEPTH OF REACH

Figure i01. Arm access

(c) Reaching in full arm's length (to shoulders)

straight ahead with both arms, a width of

19 1/2 inches and a height of h inches shall

be provided. (Altman, 2). XR-S-2

5.8.7 Size and weight of removable units. - Removable units

shall comply with the following weight criteria: Where exceptions

have to be made, refer to standards outlined in 5.4.1.

5.8.7.1 Unit size and weight. - Units shall be small and light

enough for one man to handle and carry, unless overriding design
considerations exist. XR-C-2

5.8.7.2 Weight of unit: preferred. - Weight of removable units

shall be held below 45 pounds for non-vehicle use. For vehicle,

use 30 pounds or less. (Emanuel, _). XR-S-2
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5.8.7.3 Weight of unit: heavy. - For units weighing more than

30 (vehicle) or 45 (non-vehicle) pounds, two-man lifting capability

shall be provided. See table XXXZX for preferred requirements.

(McKendry, i). XR-S-2

If these values cannot be complied with, see figure 37, section

5.4.2.1.4, for acceptable values.

Table XXXIX.

Two-man lift requirements

0-12 13-24 25-36 37-48 49-60 61-72

6-10

11-15

16-20 X

21-25 X X

26-30 X X X

31-35 X X +

36-40 X X X +
41-45 X X X +

46-90 X X X X X +

X = USE TWO-MAN LIFT AND LABEL AS SUCH

+ -- USE MECHANICAL LIFT AND LABEL AS SUCH

5.8.7.4 Handles. - All removable units in excess of 30

(vehicle) or 45 (non-vehicle) pounds, but weighing less than 90

pounds, shall have provisions for two-man lifting. (Emanuel, 4).
XR-S-2

5.8.7.5 Two-man lifting. - Two-man lifting provisions shall

be provided on any removable units weighing less than 30 (vehicle)

or 45 (non-vehicle) pounds if any of the following conditions apply.

XR-S-2

5.8.7.6 Removable drawers. - For removable drawers of elec-

tronic test equipment, provisions for two-man lift shall be included

in accordance with 5.8.7.2. XR-S-2
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5.8.7.7 Labelling. - All units requiring two-man lift shall be

prominently labelled with a label. All units requiring mechanical

lifting shall be prominently labelled. XR-C-I

5.8.8 Lubrication. - Mechanical components requiring lubrica-

tion shall conform to the following criteria:

(a) Components shall have self-lubrication or life-time

lubrication (preferred). XR-C-1

(b) Mechanical components shall have provision for

l_orication without disassembly, k_-C-2

(c)
to be used and the frequency of lubrication shall

be specified by a label located at or near the

lube port, or within the packaging of the item.
XR-C-2

(d)

(e)

Locate oil dipsticks and other such level indi-

cators so that they may be fully withdrawn without

touching other pieces of equipment. XR-C-2

Fluid replenishing points shall be located so that

there is little chance of spillage during servic-

ing, and that there is no requirement for special

funnels. XR-C-1

(f) Drain points shall be located so that fluid will

not drain on personnel or sensitive equipment.
XR-C-1

(g) Drain points shall be located to permit fluid drain-

age directly into a waste container without the

use of adapters or piping. XR-C-2

5.8.9 Fasteners.

5- 8.9. i Standardization.

(a) When possible, standard sizes of bolt heads shall

be used to reduce number of tool sizes required.
XR-C-1

(b) Standardize thread size as much as possible.

Bolts or screws which are located adjacent to

each other shall be of the same thread type in

order to minimize the chance of using the wrong

screw or bolt and damaging the thread. XR-C-I
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(c) The numberof screw head types shall be minimized
on a given piece of equipment. XR-C-2

(d) Wherever possible, assemblies and units shall be

designed for removal in the field with common

hand tools. XR-C-2

(e) Wherever possible, identical screw and bolt heads

or other appropriate fasteners shall be used to

enable various panels and components to be re-

moved with a single tool. XR-C-2

5.8.9.2 Design considerations.

(a) If compatible with stress, load and pressurization

considerations, fasteners for mounting assemblies,

subassemblies, etc, shall fasten or unfasten in

a maximum of i0 turns. XR-C-2

(b) Hand-operated fasteners (as shown in figure 102)

are preferred; those requiring standard hand

tools are acceptable; those requiring non-standard

tools shall not be used. XR-C-I

(c) Fasteners requiring high torque shall be provided

with external grip heads. See figure 103. XR-C-I

illlllll__lllllllllJ

r

Figure 102. Hand operated fastener
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Figure 103. External grip head fasteners

(d) Captive bolts and nuts shall be used in situa-

tions where the dropping of these small items

into the equipment will cause damage or create

a difficult removal problem. XR-C-2

(e) Fasteners for doors and drawers shall be designed

so as to preclude injury to the operator when

the fastener is released. XR-C-2

(f) Covers or shields through which mounting screws

must pass for attachment to the basic chassis

of the unit shall have large enough holes for

passage of the screw without perfect alignment.
XR-C-2

5.8.9.3 Specific fastener design considerations.

5.8.9.3.1 Slot design. - Screws with deep slots on screw heads

shall be used to minimize slot damage. XR-C-2

5.8.9.3.2 Wrenching clearance. - If possible, slot head bolts

shall be used which can be operated with a screw driver if there is

not adequate wrenching clearance. XR-C-I

5.8.9.3.3 Bolt length. - Bolts having the appropriate length

for any specific task shall be selected. Unnecessary length means

more work and added weight, and increases the likelihood of person-

nel danger and equipment damage. XR-C-2
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5.8.9.3.4 Mounting. - Heads of mounting bolts should come up
to the work surface. XR-C-2

5.8.9.3.5 Threaded nut plates. - Threaded nut plates shall be

used when several bolts are to be fastened on one surface and where

positioning and holding the nuts may be difficult. XR-C-2

5.8.9.3.6 Quick-opening captive fasteners. - Quick-opening

captive fasteners shall require only a quarter turn to operate.

Quarter-turn fasteners should be self-locking and spring loaded.
XR-C-I

5.8.9.3.7 Latch lock. - Whenever possible, latch catches shall

be spring loaded to lock on contact, rather than necessitate a posi-

tive locking device. If positive locking is necessary, provide a

latch loop and locking action. XR-C-2

5.8.9.3.8 Latch-handle. - Latches or locks which perform a

dual purpose may be used. For example, a lock may be designed to

serve as a handle. XR-C-2

5.8.9.3.9 Quick-release clamps. - Quick-release clamps shall

be used for holding wires, tubing, or hoses that must be removed

frequently. Use clamps that require the technician to use only one

hand to operate. XR-C-2

5.8.9.4 Positioning of fasteners.

(a) Nuts, bolts, and screws shall be located far

enough away from internal corners so that they

may be manipulated with ease. XR-C-I

(b)

(o)

Bolts and screws shall be located far enough apart

so there is adequate tool clearance. XR-C-I

If a component is to be mounted near other pieces

of equipment, fasteners shall be located away

from the edges of the adjacent equipment.

XR-C-I

5.8.9.5 Cover fasteners.

5.8.9.5.1 Hinged covers. - Hinged covers shall be used to

reduce the number of fasteners required, unless precluded by space

restrictions. XR-C-2

5.8.9.5.2 Standardization. - The same size and type of faste-

ners shall be used for all covers and cases on a given s_stem, ex-

cept where stress or other considerations demand special fasteners.

XR-C-2
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5.8.9.5.3 Captive fasteners. - Captive fasteners shall be used

for fastening access panels and covers. XR-C-2

5.8.9.5.4 Latches. - Where stress requirements permit, latches

shall be used on covers and doors as they afford more rapid access

than doors secured by screws and bolts. XR-C-2

5.8.10 Tools.

5.8.10.1 Variety of tools. - The number and variety of mainte-

nance tools shall be kept to a minimum, and the use of special tools
shall be avoided. Y_-C-I

5.8.10.2 Non-sparking tools. - Non-sparking tools shall be

utilized in explosive areas. XR-C-I

5.8.10.3 Non-conductive handles. - Tools used in extremely

cold or hot temperatures or near high voltages shall be provided

with non-conductive handles. XR-C-I

5.8.10.4 Special tool_. - When special tools are absolutely

necessary, they shall be color coded or marked to indicate intended
use. XR-C-I

5 -8. ii Handles.

5.8.11.1 Handle design. - The selection of handle design shall

consider the factors listed: XR-C-1

(a) Weight of the item or unit.

(b) Number of men, or hands, required to lift or

carry the item.

(c) Type of clothing and gloves required.

(d) Operational position of the item relative to

other items and obstructions.

(e) Manner in which the item is to be handled or

positioned.

(f) Distance over which the item must be carried

(g) Frequency with which the item must be handled

or carried.

(h) Additional uses the handle could serve.
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5.8.11.2 Types of handles. - The type of handle to be selected

shall comply with requirements for which the handle is to be used,

ie, as determined from 5.8.11.1. Figure 104 illustrates different

types of handles. XR-C-I

5.8.11.3 Curvature of handle. - The curvature of the handle

shall comply with the dimensions found in table XXXX. XR-C-I

5.8.11.4 Handle dimensions. - The dimensions of the handle

shall comply with the dimensions found in table XXXXI. XR-C-I

5.8.11.5 Handle location: _eneral. - Handles shall be located

so as to:

(a) Guard against inadvertent actuation of controls.

XR-C-I

(b) Protect delicate parts of instr_ent faces.

_-C-2

(c) Serve as locking devices to secure components in

place. XR-C-2

(d) Serve as protective supports or stands for com-

ponents; eg, can be used as maintenance stands

when handles are inverted. XR-C-2

5.8.11.6 Handle location: specific. - The location of handles

shall be such that:

(a) Single handles are over the center of gravity.

XR-C-1

(b) Two or four handles are at equal intervals from

the center of gravity. XR-C-I

(c) Handles are placed where they do not interfere

with equipment operation or maintenance. XR-C-I

(d) At least a 2.5 inch clearance between handles and

obstructions is provided. XR-C-I

(e) They are placed on the front of a panel if an

item must be pulled from the rack. XR-C-2

(f) They can be held comfortably. XR-C-2

(g) The carried item will ride clear of the legs of

personnel. XR-C-2
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WEIGHTOF ITEM

UP TO 15 LBS:

Table XXXX.

Curvature of handle or edge

RADIUSOF CURVATURE (MINIMUM)

R - 1/8 IN.

15TO 20 LBS: R - 1/4 IN.

R - 3/8 IN.
O_l_p 2n a _. D,,T 1/_ IN.

T-BAR POST: T- 1/2 IN.

Table XXXXi.

GRIPPING EFFICIENCY IS BEST
IF FINGERSCAN CURL AROUND
HANDLE OR EDGETO AN ANGLE
OF 120DEGREESOR BETTER.

Dimensions of handle

DIMENSIONS
OF HANDLE

TYPE OF HANDLE:

ONE-HANDBAR

TWO-HANDBAR

TWO-FINGERBAR

ONE-HANDRECESS

TWO-FINGERRECESS

ONE-FINGER RECESS

FINGER-TIP RECESS

T-BAR

J-BAR

BAREHAND

EXPECTED USERCLOTHING

ARCTIC MITTEN

X Y Z

2.0 4.25 2.0

2.O 8.5 2.0

1.25 2.5 1.5

2.0 4.25 3.5

1.25-DIA 2.0

1.25-DIA 2.0

0.75-DIA 0.5

1.5 4.0 1.5

2.0 4.O 2.O

GLOVED HAND

X Y Z

2.5 4.75 2.0

2.,5 9.5 2.0

1.5 3.0 1.5

2.5 4.75 4.0

1.5-DIA 2.0

1.5-DIA 2.0

1.0-DIA 0.75

2.0 4.5 2.0

2.0 4.5 2.O

X Y Z

3.0 5.5 3.0

3.0 11.0 3.0

DON'T USE

3.0 5.5 5.0

DON'T USE

DON'T USE

DON'T USE

DON'T USE

3.0 5.0 3.0

T-BAR FINGE R BAR J-BAR HAND RECESS
RECESS

Z

Figure 104. Types of handles
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5.8.12 Covers and cases.

5.8.12.1 Orientation. - The proper orientation of a unit with-

in its case shall be made obvious, either through the design of the

case or by means of appropriate labels. XR-C-2

5.8.12.2 Case design. - Cases shall be designed to lift off

units rather th_n the units be lifted out of cases. See figure 105.

XR-C-2

GOOD

BAD

Figure 105. Cover design

5.8.12.3 Case size. - Cases shall be made sufficiently large

so that wires and other delicate components are not likely to be

damaged when the cases are removed or replaced. XR-C-I

5.8.12.4 Guides, tracks and stops. - Guides, tracks, and stops

shall be provided to facilitate handling and to prevent damage to

units and components. XR-C-I
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5.8.12.5 Opening. - The method of opening a cover shall be

obvious. If it is not obvious from the construction of the cover

itself, an instruction plate shall be permanently attached to the
outside of the cover. XR-C-2

5.8.12.6 Hinging. - Hinged covers should be used to reduce the

number of fasteners required, unless precluded by space restrictions.
XR-C-2

5.8.12.7 Cover placement. - When a cover is in place but not

secured, it shall be obvious. XR-C-2

5.8.12.8 Corners. - Sharp edges and corners on cases and covers

5.8.12.9 Rests and stands. - Rests and stands on which units

can be placed shall be provided. Rests or stands shall incorporate

provisions for test equipment, tools, manuals, and other aids. Where

design requirements permit, the rests and stands shall be a part of

the basic chassis. XR-C-2

5.8.13 Conductors.

5.8.13.1 Wires. - Wires shall be bound into cables and held by

lacing twine or another acceptable method. XR-C-I

5.8.13.2 Long cables. - Long conductors or cables, internal to

equipment, shall be secured to the chassis by cable clamps. Cables

shall be long enough so that each functioning unit can be checked in

a convenient place. Extension cables should be provided where this
is not feasible. XR-C-2

5.8.13.3 Cable routing. - If it is necessary to route cables

and wires through holes in metal partitions, the cables shall be

protected from mechanical damage by grommets or other acceptable

means. Routing of electrical cables below fluid lines or near high

temperature sources shall be avoided. XR-C-2

5.8.13.h

See figure 106.

Cable protection. - Cables shall be routed so that:

(a) They cannot be pinched by doors, lids, or com-

ponents. XR-C-2

(b) They cannot be walked on or used for hand tools.

XR-C-2

(c) They are accessible for inspection and repair.

XR-C-2

(d) They are not sharply bent or severely twisted.
XR-C-2
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ROUTETO PREVENT EXCESSIVEBENDING

GOOD

ATTACH CABLES TO SIDEOR REAR OF HOUSING

GOOD

I

Figure 106. Cable routing

BAD
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5.8.13.5 Input-output cables. - Input and output cables, with

the exception of test cables or headset wires, shall not terminate

on the control-display surface of cabinets, racks, or consoles.
XR-C-2

5.8.13.6 Receptacles for test cables. - The receptacles for

test cables or headset wires which terminate on control and display

panels shall be so located so that the associated cable will not

interfere with controls and displays. XR-C-2

5.8.13.7 Insulated conductors. - Cables containing individ-

ually insulated conductors within a co_on sheath shall be coded.

XR-C-I

5.8.14 Connectors.

5.8.14.1 Disconnect. - Plugs shall require no more than one

turn to disconnect or other quick disconnect design shall be provided.

XR-C-2

5.8.14.2 Connector spacing. - Connectors shall be located far

enough apart so that they can be grasped firmly for connection and

disconnection. Space required will depend upon the size and shape

of the plug. See figure 107. XR-C-2

SHOULD BE LOCATED FAR ENOUGH APART FOR EASY GRASPING

EVEN WHEN GLOVES ARE WORN

GOOD BAD

Figure 107. Connector spacing
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5.8.14.3 Test and service. - The rear of plug connectors shall

be accessible for test and service, except where potting, sealing or

other considerations preclude this. XR-C-2

5.8.14.4 Alignment. - Plugs or receptacles shall be provided

with aligning pins or other alignment devices. Aligning pins on

plugs shall project beyond the electrical pins. XR-C-2

5.8.14.5 Alignment orientation. - Plugs or receptacles shall

be arranged so that the alignment pins orient in the same direction

throughout the system. XR-C-2

5.8.14.6 Interchange of connectors. - Where a reasonable possi-

bility exists for unintentional interchange of connectors, plugs

shall be so designed that it is impossible to insert the wrong plug

into a receptacle. XR-C-2

5.8.14.7 Protection. - Plugs and receptacles on the exterior

of portable unit cases shall be covered with captive caps wherever

possible. XR-C-2

5.8.14.8 Identification. - Connecting plugs and receptacles

shall be identified by numbers or letters. To increase reliability,

an additional means such as color or shape coding may be used in

exceptional cases. See figure 108. XR-C-2

GOOD BAD

Figure 108. Connector coding
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5.8.14.9 Female sockets. - The system shall be designed so

that "hot" contacts are socket (female) contacts. XR-C-2

5.8.14.10 High voltage protection. - Warning labels plus re-

cessed connectors or other applicable items shall be provided where

potentials exceed 150 volts, and in all cases where potentials are

hazardous to personnel. XR-C-2

5.8.1_.iI Grounding. - All external metal parts shall be at

ground potential. XR-C-I

._ .... _v_n_. - _c_ points _z_ classified as primary

(operational) and secondary (maintenance). Primary test points are

used to isolate a malfunctioning detail part within a s_s .... h!y,

after the subassembly has been removed from a larger or major assem-

bly.

5.8.15.1 Primary test points. - Primary test points shall be

in accordance with the following criteria:

(a) Where a unit is not completely self-checking in

its operational condition, appropriate test

points shall be provided. XR-C-2

(b) Only such primary test points as are necessary

to determine that a unit is malfunctioning

shall be provided. XR-C-2

(c)

(d)

Primary test points shall be so located and coded

as to be readily distinguished from secondary

test points. XR-C-2

Where feasible, primary test points shall be

grouped in a line of matrices reflecting the

sequence of tests to be made. XR-C-2

(e) Primary test points used in adjusting the unit

shall be located close to the controls and

displays used in the adjustment. XR-C-2

(f) Primary test points shall not be located on the

sides of standard cabinets. XR-C-2

5.8.15.2 Secondary test points. - Secondary test points shall

be in accordance with the following criteria:

(a) A secondary test point shall be supplied at the

input and output of each part or throwaway com-

ponent, where feasible, and when not in conflict

with other requirements. XR-C-2
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(b) Sufficient test points shall be provided so that

it will not be necessary to remove subassemblies

from assemblies during trouble shooting. XR-C-2

(c) Each test point shall be so marked so as to be

readily identifiable. XR-C-2

5.8.15.3 Built-in test equipment. - Built-in test equipment

shall conform to the following criteria, in order of preference:

(a) Adequate test equipment to handle routine testing

and trouble shooting shall be built into the

equipment where feasible. See figure 109.

XR-C-2

METER SCOPE

G

0 _

SELECTOR SWITCH

A. CONFIGURATION FOR BUILT-IN

ELECTRONIC TESTER

METER

0
0 OFF Q STANDARD SCOPE

Jol
LEADS

B. CONFIGURATION FOR BUILT-IN

ELECTRONIC TESTER WITHOUT SCOPE

Figure 109. Configurations for electronic testers
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(b)

(c)

If space or weight considerations make built-in

equipment impossible, a portable test box with

a multiple prong connector to attach to the test

panel shall be considered. See figure 109 for

a recommended configuration. XR-C-2

If a central test panel is not feasible for a

system, a center-reading meter on each major

component whose signal can be checked by a

meter may be provided. Use test jacks and a

selector switch to provide an outlet for signals

requiring a scopc. Indicate in-tolerance rcad-

ings on the selector switch. See figure 109.
XR-C-2

5.8.16 Labelling.

5.8.16.1 Usa_.

(a)

(b)

All units and parts shall be labelled with full

identifying information to facilitate replace-

ment with spares. XR-C-I

Structural members will be labelled with infor-

mation about their physical characteristics

and structural or function limitations. XR-C-2

(c) If parts cannot be designed to be installed in

only one position, they shall be labelled so

that fore and aft parts are distinguishable.
XR-C-I

5.8.16.2

(d) Information shall be consistent with both in-

struction manuals and parts catalogs. XR-C-I

Label placement. - See 5.2.4.

(a)

(b)

Labels shall be located so they will not be

obliterated by dirt, grease or moisture. XR-C-2

Labels shall be placed on similar pieces of

equipment in the same relative location. XR-C-2

(c) Labels shall read horizontally, not vertically.

XR-C-2

(d) Labels shall be placed on components where they

c_be seen when installed. See figure ii0.

XR-C-2
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HERE

(ON TOP)

NOT

UNDER

HERE

NOT

IN

HERE

Figure ii0. Label placement
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